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sEcTroN oL 33 23
sHop DRAWINGS , PRODUCT DATA , AllD SAl,tpLE S

1-1. Refer to Articles tltled SpOCIFICATIONS AND DRAWTNGS EOR CONSTRUCTION

(FAR 52.236-21) and. SPECIAL NOTES (VAAR 852.236-9\), in GENERAL

CONDITIONS.

1-2. trnr .hr nr -n^.ae ^r Ihis ..nir,i.-. crmnla< rrst rcn.rrs .prr)r,.,ra<

and manufacturersr literature and data sha11 also be subject to the
nr€)\ii orrsl v ralor.n.o^ rho ,^11I ! Yqr! qILs,LLJ.

icems col IecLively as SUBtvtITTALS.

1-3. SubmiL fo.r approva-1, al I of r.1e iLems speciiically mentioned under Lhe

separaLe sections of the specif-icacion, wiLh rnformation sufficienL rL
evidence full compliance lrith contract requirements. Materi,als,
fablj,cated articles and the like to be instaffed in permanent work
shall equal those of approved subrnittals. After an ilem has been
appr:oved/ no change in brand or make \di11 be per:mitted un_less:

A. Sarisfacto.ry writren ev-dence is presented Lo, ano dpp-roved by
Contracting Officer, that manufacturer cannot make scheduled delivery
^f.^^/^!'6d 

i f6m 
^r.

B, Item del-ivered has been rejected and substitution of a suitab]e itern rs
an urgent necessaty or;

C. Other condi-tions become apparent which indicates approva.I of such
substi-tute item to be in best interest of the Government.

7-4. Fo.rward submiLLafs in sul L-Lcient Lime to pernir proper consideration
and approval action by Government. Time subrnission to assule adequate
Lead time for procurement of contract-iequired items. Defays
attributab-Le to untamely and rejected submittals will not serve as a

basis for exLending conrract time for compleLion.

1-5. Subnittafs will be reviewed for compliance r,rith contract requir.ements
by Project Manager {pM) , and action thereon witl be taken by
Contracting Officer,s Reptesentative (COR) on behalf of the Contr.acting
Officer.

1-6. The covernrnent reserves the right to tequire addltionaf submittals,
whether or not particularfy mentioned in thls contract. If addit_ional
subrnittals beyond those requiied by the contract are furnished pulsuant
to request cherefor by ConLrdcring O.ffjcer, adjustment in contrdcL
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' '^ --de in accordance ltith Articfes titled CHANGESP! rLs o,ru

(FAR 52.243-4) and CHANGES - SUPPLEMENT (VAAR 852.236-8B) of the

GENERAL CONDITIONS.

I-'1 . Schedules ca.Lled for in speciticaLions and shown on shop dra!^rings sfall
be subnitted for use and informatlon of Department of Veterans Affairs
:n.l D-nip.f Mara.'p- shall assume

rAcnnrcihilrt',, r^r -r. r--r schedules. Thearru vqrrr tr,,9

a^hrr.^' i^^ 
^ff 

i^ar .nd p'^i6^r M:r:^6r .^ /6e^^heihi I iru f^r

checking schedules or layout orawings for exac! slzes, exacL numbers

rnA .lar: i la/l n^<i ri^hih^ 
^a 

i r6me

1-9, SubmiLLals musr be submiLLed by Cont.racLor only and shipped prepdrd.
a^hrr:.tind offi.ar n^ r6.^^neihrl'l\/ f^r .ha.Linn d,,^nri'iae

or exact numbers included in such submlttals.

cr.hhif <:nnlac i-r <'"\^-a acc aflp-uj"o ..eci fied. SubmiL hard

copies of shop drawings, schedules, manufacturers' I i !erature and daLa,

:n.l .arr i f i.^, 4< in d,,:.lfl,nl i ^.ra av.ant L'hara : dyF:l ar ni,mhar i <

<^a. i fi ad 
^r 

uhan am^ il c,ihmi rr: l i < i../^\,a.1

Submittals will receive consideration onfy \.rhen cove.red by a

t*>ncrlffe1 l6ffar s:^ral r^.!.. chill contaln the list

^f ir6m< n2ma ^f a6m6l-6rr, ^.m6 ^f a^rfrr^r^r -^hfr:-r n,1mF\6r

rnhli-:hl6 e^6.ifi^.fi^. -**r:^:F\la rlr:L'in^ n,,mha?<Po, ogldPi' oPP | ' eqv. "
,.n/r ^frra- ,a.t,r: 16.' F^r avr.. irja1. i c:cdt ion of Location
.[or each item), manufacturer and brand, ASTM or Federdl Specifrcation
Nuncer (if any) and such add-iciona-L inlo-rmdtion as may be reqJired by

cn6-iai^r1 i^nc l^y n:rri^,rl:/ i,6m l-.^in^ f,,rni cFaA Tn rd/liri^n

.af:t^.ts sl^i.' ha rrrla,l r-- rrri^-+6 cn6-i!i^ :+615 SubmjLLed lor

approval.
1 A -^nw ^f 

laftar hrr<r ha on^l^<a^ L,ith ir6m< :nd:.1/ iram< ra^aivad

without identiflcation fetter. wiLl be considered "unclaimed qoods"

and held Io-r d I imited rime on-Ly.

? F:^\ c:rn-6 o. n:rr.frr. .ar<r trrp.:Lu.e dnd daca shall
be labeled to indicate the name and location of the Cenetery, name

of Contractor, manufacturer, brand, contract number and ASTM or
Fa.larrl q^a.iti.^fi^n r/ -6r r^.:r '^n,<\ 

^^aPP r r Lov, s

oro t ecE .

B.
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I aaollirF.J.arrizi^:t6. cl-|rlr ^6 -i1*61t - ?uthorized

ranracahl-ativa ^f m:hr,r ^y <"^^lia' ^F -----l_'. ! n'dLclfaa, arlw Uj

Contracto!.
a Tf e,,l_1mi rr:l c:mnl ac h:,ro hoon Ai c:nn?^lra.r

n^<<il^'la aftAr 
^^r 

i fi-rFr^n ^a /lier^^r^r':l q,,^h n6L'

shall be narked "Resubmitted SampIe" in ddd.LLion ro conLaining other
nra\ri^r's'r, sna.: f:ad i.rfornair.n ra.t.:-ad or label and in LransmiLLal
Ietter.

r ^^nr-,,6rr '.,: r - r-6 l.d-F ^n +i I o h., . \^ .^R af f he siLe unli.L

conpletion of contract, aL which trme such samples will be deljvered to
Contractor as Contractor's property. Where noted in technical sections

^F 
<na.ifi.rti^ne annr^u6d c:m^lac ih 

^^^.1 ^^ndir 
i^h m.\/ 

^a 
r,ao.l in

ihair 
^r^nar 

l^.:r i^ne ir .^nr r.^t u^rL Ar 
^^h^l6l 

i^n 
^f ^^htr:.r

6^ L'i I I l-,6 16r,,rha^JdrL'Pf sr duLwr ulr y uPu'l

radrra<l :..1 
^t 

f-^nl-ra.r^rt q,,^h .a^,,6<r ch^,,1d ha m:.la 
^r 

i^r

-o.^nnlo :nr.f tha r':.^nrr^va1 ",rrnIes thaL are no!
radrla<fa.l f^r rarrrrn 

^\/ 
a^ni-r:-r^r Lrr I I l-'a /li c-:rA6^ :fr6r -^m^l6fi^h

of contract.
E, SubmiLLal d-rawings {shop, erecrion or seLLing drawings) and schedules,

reqLired Ior wo!k ol varrous Lrades, shalL be checked betore sLrbfi jssj.on

by technically qualilied employees of Contractor tor accuracy,
.^mnlatana<< an.l .^mnl i:naa uifh -^nrr:-r '6^,,i r6h6hrc l'h6<6 dr:,.,i h^c

and schedu]es shaLl be sca-nped and siqned by ConL.ractor cerLirying Lo

such chec k.
1 F^r A:.h .lr:Ltin^ .a^,'i 16A c rl.'mir ^n6 l6^il-'16 ^h^r^^r:hhi- n:n6. ^r

r'61l rn ranr^/lrr^i hl a

2 panr^.j,,^i hl a <h:l I ha | ', I I <i 'a

^ _!'_'- hrva m:rL6A rhar6^n nrnnar Aacrrinri116 rirl6dhrr19 r"o '
in.lir.l i^d Camal orv l^.:r i^n 

^r^i6^r 
n"mhar m r n , r F r - r , , r 6 r ' < n,,ml-'6r

refefence to conLract draw-Lng nLlmber, deLai-L SecLion NLmber, and

Spec i ficar-Lon Secrion NLnif,er.

4 A s^,i.A '?0 mr" h, )\ rr tA-1/A l-, h iF.'las) shall be leserveo on

each drawing to accofirrnoddte approval or disapproval stamp.
- n-r,.,rh^c D^LLED WITHIN A MAILING TUBF .111" nr^rartF^ .^r

ch i nh6n l-

6. One reproducrble print. of approved o.r disapproved shop drawings r.r'lI
be forwarded to Contractor.,
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?. When work is direcL-[y .relateo and involves more chan one L.rade, shop

drawings sha11 be subnitted to PM under one cover.
1--n S:rn-a<. cl... '1":w:n-re. -6ct "p..ris .prtti.CaEeS dnd manUfaCturerSi

fiterature and data, shall be subnitted for approvaL to

Charles Chri s tensen
c6n6r.I Fhd i haar

Memorial Service Network ITI
155 Van Gordon Street
Lakewood, CO 80228

---END---
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sEcTroN 23 05 11
COMMON WORK REST'T,TS FOR IIVAC

PART 1 - GENER,AI

1.1 DESCRIPTION

A T\a FA.rrrj -f rhis qa^.i )- ?nnl/ 1., >'l secLions of Div-ision 23.

B, Definitions:
1. Exposed: Piping, ducLwork, and equipment exposed to vrew in finished

roons ,

2. opt-ion or optional: Con!ractorrs choice of an alternaLe ma!eria- or
method.

c D6^racant: I iL,o

1.2 RELATED WORK

A. Section 01 00 00, GENEML REQUIREMENTS.

B. Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES.

C. Section 05 50 00, METAL FABRICATIONS.

D. Section 23 A5 47, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND

EQU I PMENT

E. Section 23 05 93, TESTING, AD.IUSTING/ AND BALANCING FOR HVAC.

P. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

G- Section 26 29 !f, LOW-VOLTAGE MOTOR STARTERS.

1.3 QUAIITY ASSURANCE

A. Mechanical, electrical and associated systems shall be safe, r.e1iable,
affi.iani .l,,rahla aaei l\' :hd .Jfal1/ 

^har:hla 
:..1 m:inrain^hla aiqr l- -, ----f y

:nd e:fol w ^..ae<i hl a :nd i h -^m^l i rh.6 L'i rh :^^l i..hl a .^.lac ae

cna^ifia4 Tl^a qvcr a-ns <h:r I ha ^^nnr:sa. ^r l- ?rl- .1 i'irv rn<-ir rr'n-al-

class and industrial-cIass products of manufacturers that are
avnFrir.r.F.l snar-:.al: sre :..\^ -ad,irp.l ^-r?ilct Iines, Al1 conscructron
fiym.:^d narc^nnal eh:ll l-1a 6wn6ri6n-orl rh^ ^,,:lili6d <^6^i:lier< rh

institutional HVAC cons t ruct ion.
B. Flow Rate Tolerance for HVAC Equipment: Section 23 A5 93, TESTING,

ADJUSTING, AND BALANCTNG FOR HVAC,

. cd , i hma. t \/i h-: r i ^r TO-Le_rance :

1. Refer to Section 23 05 47, NOISE AND VIBRATION CONTROL FOR HVAC

PIPING AND EQUIPMENT. Equipment shafl be factory-bal-anced to this
tolerance and re-balanced on site, as necessary.

2. AlLer HVAC ai-r balance work is conpleted and permanent drive sneaves
a-a rn nla.a harform field mechanical ba-an.'.-r >r.i a.i i rsrrart"

h- sna-. r iai wrhri_:^r rolerance.
D. Products Crlteria:

COMMON WORK RESULTS FOR HVAC
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1. Standar:d Products: Material and equipment shall be the standard
n-ndrr.l c .lf ^ na- r'l-fr lrrl'/ prdar-/r in the manufacfJre OI
rh6 

^.^drr^re 
f^..r l6:<r ?,,6rrc !-h6 .l6ci^n m^d6, .n.] .i76 

^f 
a:.h

iEem shaLl have been in satisfacrory and efiicienL operacion on aE

least three installations for approxinately three years. However,
.Jidif:l ala.fr^ni.< .la\ri^ac <^frL'./a :n.l e\/el6h. err^h :< .^ntr^l e

inetrrrhahl-e ih6 
^',//6nr 

danar:r i^nuv"PULcr

^f 
ta.hn.l^dw 

^n.l 
h:qi^ .16eidh fh:f h:e : nr^wah q:r i<fA.r^rw <arvi.a

record of at least three years. See othe.r specification sections for.
:nv av^anfi 

^ne

2. A]1 items furnished shaII be free from defects that would adverseLy

^ 
Ffa.i tha.arf^rm^n^- , I Ly o,'u oPPso, o"ur

.^mb^nan l- e :n.l 
^var:11 

.ecamhlv

3. conforn Lo codes and standdros as reqrrred by the specifrcaL'ons.
Conforn to local- codes, if required by local authorities such as the

r f fh6 I ^-: l -^n6< :16 v in^6nr I han94JJuP|Jflc.,J''-.tgc-t-'..c|t

+h^c6 c^6^il-i6.1 46f6. :^', ^^nFri-, c r^ fh6 -^hry:^rin^ nfFr^6rc

'ra^hni^:l Aanra<a^r rt ir'6 rDM/-nD\

4. i\4ultiple Unics: When Lwo or mo.re uniLs oI mdLerials or equrprnenr of
ih6..mA l-\7na 

^y ^l--^ 
--- lL-- .ii-< ch.ll h6 

^.^.1',^r. ^fd!F | <(iu,

one manufacturer -

5. Assembled Unics: Manutacturers of equipmenL dssemb-Lj es/ whr cf use

^^h^^nahfc 
mr.lA h\/ ^Fh6rc :cc,1h6 -^mnl6r6 16cn^hcihi I ir\, a^r rn6

fih.l :cc6hl.'l6A hr^,
^-, F--JUCL.

6. Nameplates: Nameplate bearing manufacturer's name or identifiable
Lrademark shall be securely affixed in a conspicuous place on
d^', i ^m6F l-et]urP,L'r"' LdJL frrLsgrdffy wrL, ellufP'L's,'u,

narm:nanrl \, m:, La.l 
^n 

oa.h iram 
^l 

a^,ii6hanrJ LdnLPsu

I A<hpqfoc nr.-)r]r.rs 6r adri.manl 
^r 

m.lari:l . - ulr Ldfrrrr r9

not be used.
F E.,r. r n.nan - Scrvj.a Or^rnrzations:

1. HVAC: P-roducts and systens shal-l be sLpporled by service

^rd:n17:fr^^< 
fh:f m:in':in r -^mhlal 6 in\,6hr^.r/ 

^f 
..^rir n:rr< :^.1

are located reasonably close to !he site.
F. HVAC Mechanica.L Systems Weldirg: Before any welo.ng is performed,

contractor shal-f submic a cerL-ficaLe cerErfying Lhat we.ders comply
r,/ir h the fo1)owrng requirenents:

:nA ^n6r:r^rc l^r ninin^ :--^r.]in^ | ^ AqMF'r, vuor rry w=ru,,rv y' vevvsvs

qA._ i.n TY rrl^lal.l:.a d..l Pr,z'-.1 O r,1 'f'.i' ions".

COMMON WORK RESULTS FOR HVAC
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2. Ce.rtify that edch we-Lder has passed A,nerican t,l]e-Ld-Lng Sociery {Avl]S)

drr:1ifi.r1-i^n faete f^. th6 L'6lAin^ i.r,^lr/6.1 rn.l rh:t

certification is current.
H. Execution (Installation, Constr:uction) Quality:

1 Annlv ,n.l inst,ilL aI1 items in accordance with rnanufacturerrs wr.itten
instructi-ons. Refer conflicts between the manufacturerrs instructions
and the contract drawings and specifications to the PM/COR for
resolution. Provrde hrrjtLen hard copies or conpuLer tiles of
manufacturer's insta]lation instructions to the PM,/COR at least two
L'66Lc 

^/i^/ r9 rrlJLafrdL LvLr v' orLy

the ltem will not be allowed to proceed until the recomnendations are
received. Faifure to furnish these recorNnendat ions is a cause for
rejection of the material.

2. AII items that require access, sJcl as [or operaring, cleaninq,
c6/rri 

^ 
i h^ m:inl6nrn^6 :hA ^:lihr:ri^ ,-.., inal I oe eaSlly ano sare-Ly

:^.Ae<rhla b\7 n6re^h< <l-.Ain^ rf { l^^r l6v6l ^r <l:..]i^^ 
^n

permanent placforms, withouL Lhe use of porLable ladders. Examples of
Ehese irems incl rde, buL are noL IimiLed Lo: alI Lypes of valves,
filtexs and strainers, transrnitters. control devices. Prior to
.^n.nan.i.r.r ins ,rl l,l ir- wa-1, ra.ar -^.f iccs between Lhis
rar.fl),ranarr anrl .^nFr-^+ i.-i..i--- r^ F\^ DM/COR tor resolutj.on.

? Dr^wi.la .^mnlaf6 l:\,^r,r rlr:,^rind< ran,,irad hv p.rr^r2nh qIIRMT'rTAT q

Do 'tot conmence cons!rucLion work on any sysLem unL-I Lne layout
qrawlngs nave oeen approveo.

1.4 SUBMITTAI,S

A. Submit in accordance with Section 07 33 23, SHOP DRAWINGS, PRODUCT DATA,

ANn qAMDTFq rn.l L'ii-h r6d,,i.6h6n, c ih rh6 ih/lirri^,,r'l en6-ifi.rr'^h

sections.
B. Contractor shafl make all necessarV field measurements and

ir!,ac-iaa-i^n. i-r.il hF a^ jnmart and assemblies wif] meeL

contract requirements.
C. If equipment is submrrted which drffers in arrangemenc from LhaL shown,

^__ -trt ah^L, th6 16:rr:ndamahf ^f :ll :e<^.i:ra.l ewcram.Pr uv 'ue ur dwr Lr\J r

Approval will be given only Lf all fearures of the equipmenc and
:<<^.iafa.l in.l,,di^^ r.^a<<ihilir\, :ra ad,,i1,alant r^ rh:t

required by the contract.
D. Prlor to submitti-rg shop d.rawings for app.rova-1, conLracLor sha-' ce-rLiIy

in writing that manrfacturers of dll ma-or iLens ol equipment have each
rpv:aua/l dr:wird< :-1.1 snp-:.i.ar1^rs. :a.l h.1..- .-.,---^" --lJvr,rLry
nr^narlv ihr6^rara.l fh61r 6^',i^m6^i .^.1 .^htr^lc r^ ^r^1,iila : .^mnl6fa

and efficient ins tal f at i on.

COMMON IiORK RESULTS FOR HVAC
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E. Upon request by PM,/COR, provide lists of previous installations for
selected items of equrpnent. lnc-Lude contact persons who w-l1I serve as

references, with telephone numlcers and e-mai1 addresses.
E, Subnittals and shop drawings for interdependent jLems, conraining

applicable descripLive information, sha-I-[ be furnished togecher and

^^m^lafa 
in r dr^rln -^^r.iinrla .n.l 

^r^nar'l\r 
intadrafo m^ra/i:lq:n.l

a/rrinmr,li tr e:r-f c"nr ^ i. nr^v:.lp , .^nnlarFlv .^rn:t:l^la An.l affi.iant

installation. Final review and app!ovals will bp made only by groups.

G. ManufacLurerrs LrLeraLure and Data: Subnj c under Lhe perLinent secLior-

rather than under this section.
1. Submlt beft drive i./ith the driven equipment,
2. Submit electric motor data and varrable speed drive data with the

dri rrah adrr i nmanf

'I F.^, :hnarr rr.l rr--erials idenrificaLion.
4. Fi rp-sfonni.ro -nateriaf s.
q H:.^are ihearfe :nd hr:-in^

5. Walf/ floor, and ceiling plates.
H. HVAC Maintenance Data and Operating Inst.ructions:

l. l4aintenance and operating raruals,
I. Provide copies of aooroved HVAC equipmenr subnj ttals Eo Ehe Tescing,

AAi,rcfrn^ :nd R:lrn-in^ c,,h^^^l /:-r^r

1.5 APPLICABI.E PUBLICATIONS

A !'ha 
^,'hli^:fi^hc 

lic+-n ^^ ihie eha.i fi.:fi^. r^ lh.lulrtr a Por vP!v--rlq!-!r. -v rrr!

excenL .referenced. The pub-L.icatlons a.re reterenced -ln the rexc by the
r ^5 ^r1\/waJrL usrr 9r,o L

B. Air Conditioning and RefrigeraL-Lon InstiEu!e (ART) :

430-99 (R2002) ..Central Station Air-Handling Units
C. Rubber Manufacturers Association (ANS1,/Rl4A) :

lP-20-2041 ......Drives Usrng classicaf V-Belts and Sheaves

D. Air Movement and Control Association (AMCA) :

410-96.. . . . . . . . . Recommended Salety Practices for Air Moving

Devices
E. Ame-rican Soclety of Mechanica Fngineers fASME) :

Boiler and Pressure Vessel Code (BPVC) :

Section IX-200?. . . . . . . . .Wel-ding and Brazing Qualifications
F. American SocieLy Ior Testing and Materials (ASTM) :

A36,/A36M-08. ....Carbon Structural Steel
A5?5-96{200?) ...Stee-L Bars, Carbon, Merchan! QualiLy, M-Grades

E84-09.. . . . . . . , . Standar:d Test Method for Burning Cha.racteristics

^f 
R,,i lArn^ M:rarr rl -

COMMON WORK RESULTS FOR HVAC
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E1.19-08a. .,.....Standard Test Method for Fire Tests of Building
Construction and Materiaf s

G. Manufacturers StandardizaLion Society (l'1SS) ol Lhe Valve and Frttings
ThA,r<fru Tn^.

SP-58-2002 ,. ,.. ,Pipe Hdngers and Supports-Ma!eria-Ls, Design and

Manufacture
SP 69-2003. . . . . . Pipe Hangers and Support s- Selection and

App Iicat ion
SP 1,21-2001 .....Bracing for Piping Systems, Seisni- - Wind -

Dynamic, Design, Se-LecLion, Appl icar.ion
H, National Efectr.ical Manufacturers Association (NEMA) :

MG 1-2006, .....,Motors and Generators
L NaLional Fire Protecrion Associarion (NFPA) :

70-08... . . , . . . . . Nationa1 Electrical Code

90A-09.. - - . . . - . . lnstallation of Air Conditioning and Ventilating
Sys tems

101-09.. ........Life SaIety Code

1.6 DELIVERY, STORAGE AND ENIDLING

A Pr^fp._ i.n ^'Fdrinment:
1 F..flrinmrni in/) m.rfarial n-..F.1 nn thF ioh site shall remain -Ln Lhe

.rr<-o.lv o' thp c.-'"- L'}16fh6' ^- h^f -hePrro Jev dLLsPLa

Government has reimbursed the Contractor fo.r the equipr0ent and

materiaf. The Contractor is so.Le-[y responsible for the procec!ion of
<,1-h 6^' l inm6hr -._u rlldLer ra- agdlnSL dny odma9e.

2 D1).a.l,m:da.l ad,,ihma.r !n Firar 
^'.ec 

ind 
^^h.lrii^n: ^r

rpnl "r-p .lpf a-nj na. :r.l dj -e.f p.l hv -ha pv/.nR c r-F ran^ i - or
rpnl:.FmFni shall be at no additional cost to the Gover.nment.

3. Protec! in!.eriors ol new equipment and piping syscems dgainst errry
of fore:gn natter. C-Lean boLh inside and oucside before palnting or
p]a c -i ng eqLipmenr in operdLion.

4 F:.isl ,-. 6(r|,orenr 
^n 

I nin'-d hFr.- w.rL-d ^a h,7 -he C.r. 12.t o. chrll

be under the custody and responsrbility of the Contractor and shall
be protecLed as required for new wo-rk.

A al6rhlina<< 
^f 

Di^in^ rn^ F^ 'i^m6nr 
qrrcr6mc.

'I . Exercise cale rn storage and handling ol egu-LpmenL and pipinq
materjal Lo be incorporaEed in the work. Remove debris arising f.rom

^,rffind 
thra:.lind :n.l L'6ldin^ ^f ni^ih^

, Dini^^ cl--- r L--,rcl--L oe r-usneo, o-ow Jr prggeo as necessary ao

.iol i var .- a:'1 swSLens.

3. Cont.racLor shaf .I be fully -cesponsible for a.ll costs, danage, and

de.lay ar:sing from faifu].e Lo prov,de clean systems.

COMMON WOOK RLSULTS FOR HVAC
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PART 2 - PRODUCTS

2,1 FACTORY-ASSEMBLED PRODUCTS

A. Provide maximum standar.dization of components.
R M:nr1f^.1-rrrar< 

^f 
adrri^mAnf :cc6mhli6e rh:f i.^lrr.la .^mn^nant< m:.la hv

others shall assume complete responsibility for final assembled unit.
_ A'l .onn.npnts ^f an dssernD-Led uniC need r.- ha n-n,lr'..

manufacturer.
2. Constituent pdrts LhaL are alike shall be products of a single

manufacturer.
3. Components shalf be compat ible lri!h each other and with the tocal

r<scmh'v .^r irrended service.
4. Con!racLor shalf guaran!.ee perfornance of assembl ies of componenLs,

:nil sh:l I r-nai r .r 'la 
^cc61hl 

iac ie -ad,'r ral !o

dalivar <na.i fia.l ^arr^/m:n-a ^l ,h6.^m^lar6.<e6mhl\/

C, Components of eqripmenL shall oear manufaccurer's name and Lradenark,
m^d6l nrrmhar eari:I nrrhh6r :n.l narf^rm.^^6 d- - d rro,, s Prd Ls

securely affixeo in a conspicJors pface, or casr inteqral with, stamped

^r ^ihoflri 
ea .arm:nanflrt n^rVad ',^^n fha .^m^^^ahfe 

^f 
fha adrrinmahf

D M.i^r ifam< 
^f ^ Ta f',..i i^. m'rcr ha rh6!{-rPrL'srru,

same nake and model. Exceprions will be permitted if perFormance

requirements cannot be met.

2.2 COMPATIBILITY OF REI"ATED EQUIPMENT

A. Equipmenl and raLe-rials installed shall be compatlble in dll respecLs
with other -iLems being furn-shed and wiEh exisring rlems so thac Lhe

resu.I!. will be a complete and fu-[]y operaLional p-[anL that conforms !o
.onf ra.f .a^r,i -anaaLS.

2.3 BE],T DRIVES

A. Drive Types, Based on ARI 435:
I Pr..vi.lr ^.1i' st,rl^'a-n'r ^l- .r .:va4-n:|.r ,lr.ive as .ollo^s:

a. Fan speeds up to 1800 PPM: 1.5 kW (10 horsepower) dnd smaIIer.
b. Fan speeds over 1800 RPM:2.2 kW {3 horsepo!./er) and srnafle!,

2. Provide f-ixed-pitch drives for drives larger than those lisred above-
? 'rha fihrl frh en6a.lc /o^,'i16/l r^ i,,c' m66l i h6 c\,.r6h aFM .^.1

pressure requi remenrs, \4iLhour th.roLL-Ling, shall be deLermined by
rdrIs-npn- .f: -annor:r / a.lircl Fl^ a-ni'^f -1n-.'r chF:vA 

^- 
hv frn law

calculation if a fixed-p.irch drive is used iniLjally.
2.{ DRIVE GUARDS

A F^r n:.hinFrv :rrl er"rnra.l-. ^r^v:4a n,:-.ls as shown in AtlCA 410 tor
|\6 lfc -h:in< vJJr- L 'L'9r, IJuff,cyr, rrrarLr, gsorr

n.vind n^r's .ad:-.1_ a<s 1. L6i.hr :h..,a fl-a | 1... .^ 
^ra"6nf 

d:n:da to

CON4IVON WORK RESULTS I.OR HVAC
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6^,ri^m6nf rn.l !hi',r\, 
'^ 

nayc^.h61 n'iva 
^',rr.lc 

m:\7 ha av.1ir.iF.i whara

notors and drives are inside tac!ory fabricated air handling L.,] .L

a D,,m^ <h.ff< :n.l r'._'. -"--dad hv ^ <hepr sr pal dr^r.ivv-Pf rr'gJ ruL 1)/ 9uolevq

.^!'arind .^!rnl i.4 :r.l sl-afr ^, -^- h6i'rnd., MaLeI-al shaf l- be minimufil

16-gage sheet steel; ends shall be braked and dr:if1ed and attached to

^,r-^ h:sa Hi rf, rir:-..- r-^h\ l-.^ tq paiiFn,.e o ra..l asyufP vq rs

f^ nral,aFr <i.la nl:\/ f^r.rnd drr^r.l 
^nt^ 

..r nl inds

2.5 LIFTING ATTACHI'ENT S

A, Provide equlpment with sLiLabIe IiILing aE!achmenLs Lo enable equipmenL

to be Iifted in its nolmal position. Liftinq attachments shal1 ltithstand
_i^n< fh:r mi^hr hadr ry rrdrrqff"g ucrrurrrg v!

^ic+^r1 
i^n ^f ch:na rn.l hr:kind df loa.l!aPrv rvwcrfr19 orru vro^f"y

2.6 EI.ECTRIC MOTORS

A. AlI maLerjaL and equ ipmenL rur:nished and insraf.LaLion nethods shalf
conform to the r.equirements of Section 23 05 12, GENERAL MOTOR

REQUIREMENTS FOR HVAC; Section 26 29 11, LOW-VOLTAGE MOTOR STARTERS;

and, Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND

CABLES (600 VOLTS AND BLLOI4) . Prov-de all electrical wir-1n9, conorit,
and devices necessa!y Ior Lhe p.rope-r connection, protection and

^^6r:fi^h ^f 
rh6 e\rai-6me Dr^r'i116 cna^irl AnArd\7 affi.ianf m^l^r<:c

scheduled. Unless oLhe.rwise specified for a particular apoljcaLion use

electri-c motors with the foflowing requirements.
a cin^la-hh:e6 M^r^... a.^.^i r^r-cr.?l rvna f^i h:r.l errrr ind

rnnli^.r i^he M^f^rc f^r 
^6nrrir',d:l 

f:n<:nd ha snlir nhase

^r n6rm:n6nt c^l i | -2^..ir ^r /Dqa\

. D^l\,-^hrc6 M^i-^re. NFMA n6ci^^ A Cd,ri r/61 
^r^a 

ih.l r.fi^n r w^a | :.h

f!,'^-<^6a,-] m^f^r eh:] , ihnin^< pr^v .lc a rimc- .lel;| - ndve -wO SepordLe w-Lllu---r- ---]y
/)n ca-^nrle ninim,'m, f-^h hidh t^ l^u <^ap.lrsfay !ur JwaLLrr I LLv | | w"r 'tr9t'

n D:iih^. a^hl in,'^,'< __*_^itV in :n :mhianiuuLl aL ruv Pc!LEIL uoPor -Lt

t-pn^Ar.r-rrra 
^f 

An rl'araaq ^an i-y:-la t-04 lenrcc. F : niri. rr' !^-san.rder

I 
^narar 

i^n n^l- t^urr urowIL9J' rrurrcPvwql

av^aa.l n:ma^ I 
^ __ __ttng watnouL servlce ractor.

E. Special Requir.ements:
1, where motor polrer requirements of equipment furnished deviate from

^^L'6r <h^Lrn 
^n ^l.hc 

n?^r'iAa alart rira .iaeidnad ,rddpr lhA

r.equirer0ents of NFPA 70 without additional time or cost to the
Goverrment.

2, Assenicfies of mocors, sLarters, conLrols and interlocks on facLory
assembfed and wired devices shal] be in accordance vrith the
16^,ri y6mA. I e 

^T 'hi. 
.66^ifi-:ri^n

COMMON WORK RESULTS FOR HVAC
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3. Wire and cabl-e naterials specified in the electrical division of the
specifications shall be nodified as fo1lor.,s:
a. P-rovide shielded conductors or wiring in separate condui LS for afl

instrumentation and contr.ol systens where r:ecorunended by

manufacturel of equipment.
4. Select motor sizes so that the motors do not operate .into the service

factor aL maximun required loads on rhe driven equrpment. Moto!s on

^',m^c chrll h6 cir6rl f^/.^.-^t'6rl^:Ain^:i-:ll ^^inre ^^ 
rha 

^r'm^

performance curves,
5, Motors utilized with variable frequency drives shall be r.ated

" inverter-ready" per NEMA Standard, MG1, Part 31,.4.4,2. Provide
h^l-^r <h'fr nr^r6^r l_'a:rrn^a fr^mvr-s-rufrrg dPPdrdLur PleL<LL lsor r'rvr rrurtr

danage from stray currents.
F. Motor Effic-iency and Power Faccor: A-LI motors, when specified as "high

dff\-iar.\t" hv iha nr^ia^f e^a^ifi.:fi^ne 
^n 

.lriwan a^rri^hanr <h:ll

conform to efficiency and power factor requirements in sectlon 23 A5 12,

GENERAL MOTOR REQUIREMENTS FoR HVAC, irath no consideration of annual
se!vice hours. Motor manufacrurers genei:a-L-Ly deline Lhese efficiency
ra^,,i ramanre ^s "NFMA nr6mi,,m AFf1.ian," ^n.l rha radi,ir.mFnrs dpnar:l l-...-.. -. "-..-----v
exceed those of the Energy PoIicy Act af 1992 (EPACT). Motors not
cna.i fir.l :s "l i.'h pfFi.irr.,," chil I .onrnlv wiLh EPACT.

G. Insulation Resistance: Not .Iess than one-haLf meg-ohm between stator
conducLo's and frame, Eo be oetermrned at the time of tjnal inspeccion-

2.7 VARIABLE SPEED MOTOR CONTROILERS

A. Refer to Section 26 05 I1,, ROQUIREMENTS FOR ELECTRICAL INSTALLATIONS and

Section 26 29 II, LObI-VOLTAGE MOTOR STARTERS for specifications.
B. The combination of controfler and motor shafl be provided by the

manufacturer of the driven eqJipment, such as pumps and fans, and shall
hp r^r F.l flrr -nn r-ar-6rf .,1^,, ^a-f.rn:r^p Mrl irle r'1i's /]' rl^e ".r-te
c.lass ol equipmenr, r.e. di. hdndfers, fans, pumps, shall be producc of
cl s- l'q-e l.ldlrLrdu -Lrer.

c. MoEo-rs shall be energy efficienL Eype and be approved by Ehe motor

contr:olfer manufacturer. The cont ro f ler-motor combi-nation shall be

guaranteed to provide full motor nameplaLe l'orsepower in var-iable
frrn'rancv nnp.A ior R^lh -l-rf iaa :n.l 4r'van motor/fan Shedves shall be

fixed pitch.
D. controller shal1 noE add any cLlrrent or volLage cransiencs to the inpu!

AC power disrriburion systam, DDC con!ro s, eLc., nor shall be affected
from other devices on the AC powel svstem-

COMMON WORK RESULTS FOR HVAC
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2.10 EQUIPMENT AND MATERIAIS IDENTIFICATION

A, Use slrbols, nomenclatu!e and equjpmenL numbers speci fied, shown on the

dravJings and shor.rn rn Lhe mainrenance manuals. ldenL-Llicdt:on for piping
js specified in Section 09 91 00, PAINTINC.

B. Interior (Indoor) Equipment; Engraved naneplates/ with letters not less
than 48 rnn (3,/I6-inch) high of brass with black-fiIIed -Letters, or rigid
black plastic with whtte letters specified jn Sectron 09 oI 00, PATNTTNG

narm^nFntlv fasrenc.l l-^ lla a- rrnrar_ T.lan-r f" laif .^nn'rdrtc q,.h as

coi] s, fifters, fans, etc.
C. Extelior (Outdoor) Equ.ipment: Brass nameplates, with englaved black

filled fetters, not less than 4B run (3/16-inch) high riveted or boLted

to the equipment.
D. Conrro-L lLems: Label all tenperaLure and hLrnidiLy sensors, conLrollers

.r.l .on-16l d=rn-rs T.16-rr. , :a^ -:hal a:-l- r-ar 
^c 

-hp. :nnd,f ^. he

-^61_.^ I .li:dram<

F V:lwp _:.ts :n.l T stS:

1. Valve tags: Engraved black fifl-ed numbers and fetters not less than

13 mm (1/2-inch) high for number des.j.grat jon, and nol less than

6.4 rnm (1,/4-inch) for service designation on 19 gage 38 Nn 11-1/2
inches) round brass disc, attached wj-th brass "S" hook ol brass

chain.
2. Vafve lists: Typed or printed p.Lastic coated card{s) , sized 216

mm(B-1/2 inches) by 280 nw /11 inches) showing Lag nLnlber, valve
function and area of control, for each service or system. Punch

sheets for a 3-rlnq notebook.
2.11 FIRESTOPPING

A, secLion 0l 84 00, FIPESToPP.LNG specjfies an effecLive barrier againsL

Ehe spread of fire, snoke and gases whe.re penetracions occur for p'pinq
and ductwork. Refer to Section 23 A1 I\, HVAC, PLUMBING INSULATION, for
frra<r.n nina :i-l .Juct insulaLron.

2.12 GAIVANIZED REPAIR COIIPOUND

A. creen SeaI Standar:d Gc-03, paint form.
2.],3 EVAC PIPE AIID EQUIPMENT SUPPORTS AIID RESTRAINTS

A. Vibration Isolators: Refer to Section 23 A5 41, NOISE AND VIBRATION

CONTRO], FOR HVAC PIPING AND EQUIPMENT.

B. Pipe Supports: Conply lrith MSS SP-58-2002. Type Nunlcers specified refer
Lo this standard. For selecLion and application comp.Ly witn MSS SP-69-

2003, Refer to Section 05 50 00, METAL FABRTCATIONS, fo.r miscellaneous
melaf SUppOrL mdLer,q!v -lnq requlremanFS.

C. Attachnent to Concrete Construction:

COMMON WORK RESULTS FOR HVAC
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1. ConcreLe inserL: MSS SP-58-2002, Type 18.

2. self-dril ling expansion shieLds and machjne boft expansion ancho-rs:

Permitted in concrete not fess than 102 run (four inches) thick when

approved by the ResidenL Engineer lor eacn ioo condit1on.
3. Power-driven fasteners: Per:mitted in existing concrete o! masonry not

less than 102 rnn (four inches) thick when approved by the Resident
Engineer for each job condirion.

D. Attachment to Steel Construction:
1. Welded attachment: MSS SP-58-2002, Type 22.
2. Beam clanps: MSS SP-58-2002, Types 20, 21, 28 or 29. Type 23 c-clamp

m:r, ha |corl f 
^r 

'i -^ i | 
^ 

)?mm ,'7 /R-, n.h,!uyPc! Luvr

outside diameter.
E. Hanqer Rods: Hot-rolled steel, ASTM A36 or A575 for affowable load

listed in MSS SP-58-2002, For piping, provide adjusEmenr means Ior
controlling leve.L or slope. Types 13 or 15 Lurn-buckles shall provjde 3B

nm 11-1/2 inches) minimum of adjustment and incorporate locknuts.
All-thread lods are acceptable.

F H.n^6/e qrrhh^rrind Mirlri^lo Dinac r'trr^A7a rl:-^i'_,r, ndrrgErJ ruPPvrLr,'g !"- ,,-,19s'

formed, lipped s!ee.L channFl hori?ontal nenJcer, not -Less than 41 mrn oy

41 mm (1-5lB inches oy 1-5l8 rnches) , 2.'7 rwt {No. 12 gaqe), designed Lo

:..enf sn6.::l q^rir.r f p-,1 \ir-larad c-aa- nrlLS.

1. Allovrable hanger load: Manufacturers rating Less 91kq (200 pounds).
2. Guide individual. pipes on the ho!izonLa-L member oI every ocher

trapeze hanger with 5 mm (1,/4-inch) U-bolt fabr:icated from steef r.od.

Provide Type 40 insulation shield, secured by two 13nun (1,/2-r-nch)
.^l\r>r: ?a.l sfa6l n:nl< .' ..a:r<r'l:ra.l .alcium s-Ll--Lcate sh.ield for

-;F;6-:t- a:^h h'.^arvrPlrg g t

c. Supports fo.r Piping SysIems:

1- Se-[ecL hangers sized to encircle insu]ation on insulaLed pip-Lnq.

Refer to Section 23 Ai 1I, HVAC. PLUMBING INSULATION for insulation
thickness. To plotect insulation, provide Type 39 saddles for roller
Lype supports or preinsulaLed calcium sificace shlelds. P.ovide Type

40 insu-Lation shield or prernsulated caLcium silicate shield at all-
.-har runps nf s nr^-f< r.- h...a-e r---r'lir- -l-a.a l^r rroi'1sr :lad

paplnq.
2,L4 PI.PE PENETRATIONS

A. lnstall sleeves during consLruct.i.on.
B. Penerrations are not al lowed l-nrough beams oI ribs, but may be 'rsEa--ed

in concre!e beam flanges. Any devlacion from chese !equire_rents nLsL

receive prior approval of PM/COR.

COMMON WORK RESULTS FOR HVAC
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C. Sheet Meta1, Pfastic, or MoisLure-res,sLanL Fibe.r S-Leeves: P!ovjde for
ninF n:ssin.i thr.'irdh fl.^r< inra'i^r L'rlle :nd ^./, i' i^.. ,'hlacc
h'.cc ^' cf^^r ^:n5 s eavac rra sne. :.et l,/ called for below.

D. Cast Tron or Zinc Coaced Pipe Sleeves: Provide for pipe passing through
exterior wafls below grade. Make space beti^reen sleeve and pipe
wacertight with a modu-Lar or Iink .rubber sea-1. SeaI sha.LI be applied at
boLh ends of sleeve-

E. Galvanized Steel or an alternate Black Ir.on Pipe with asphalt coat.ing
Sleeves: Provlde ror pipe pass_ng rhrough conc.reae beam flanges, except
where brass pipe sleeves ar:e called for.

F Rries Piba Slaawa<. Pr^virla f^/ 
^ina 

n.<ein^ 
' 

hr^,,^h ^,,:rrv i-i l6

lerrazzo or ceranic tile floors, Connect sleeve with floor p1ate.
C SlaFves :re n.rl redrirp.l t^r L':l I hvdr:nre f^r fira zr6h:.t m6.l

connections or -in drywal I construction.
H. Sleeve Cfearance: SIeeve through f -Loors, wa-Lts, parcitions, and beam

flrn.ras sh.rl I ha nnp ir^'r r16:r6. rr 4r:a616r than external oiameLer of
pipe, Sleeve fo! pipe wiLh insularion shall be large enoLgn Lo

accornrnodate the insularion. lnterior openings snal . oe caul<ed LighL
w r\ rira st^^^i.^ r:fari^l :nd ea:l:nt r^ nra\/6.1 ih6 <6/6..1 ^r Fi16

smoke, and gases.

I- Sealant and Adhesives: ShaIL be as specified in Section 07 92 00. JOINT

SEALANTS.

2.15 SPECIAI TOOIS AND LUBRICANTS

A. Furnish, and turn ovec Lo Lhe PM,/COR, special E.ooIs not leadily
avajlable commerc-LaI.Ly, rhaL are requi.Leo for disassemlcly or adlusLment

^f 
ad" i nmanl- :n.l ha.hinarv t',r.i.h6rr

2.16 WAIL, FIOOR AND CEILING PI,ATES

A. Material and Type: Chrorne p.Ia!ed brass or chro-ne p-LaLed s!ee.l, one p.iece
-^n^a:l6A hih^6 L'ii-h cdl- .-.^u f^. i.cro^i^^ '^ur rPfrl -v! _aols'rr.rg Lr

pipe, o.r sfeeve. Use pldLes rhat fit !.ight around pipes, cover openings
:r.rn.l ninas 

^n.l 
.n\rpr lha anrira nina <loor'6 ^r^i6^r i^^

B. Thlckness: Not less than 2.4 mn (3/32-inch) for floor plates. Eor r./a1l

and ceifing plates, not less than 0,64 mm (0.025-inch) for up to B0 nun

I t-ih.h nina\ O Fq mm /n O?\-in^hr r^/ lrr^,.-^rir plpe.
C. Locations: Use whe.re pipe penerraEes floo.rs, waLls and ceilings in

p\.n.,s6.! ^.:tr^.q in Fini.Lra.t arp:s ^ntv trse also where insulation
,.,r+^r clnntv h:na ..r-^^ fr^n overhead. provide a

watertighr joint in spaces where brass or sLeel pipe s-Leeves are
<h6^ i fi 6^

2.17 ASBESTOS

A. Materiafs containinq asbestos are not permitted,

COMMON WORK RESULTS FOR HVAC
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PART 3 - EXECUTION

3.1 ARRA}IGEMENT AND INSTAI.I.ATION OF EQUIPMENT AND PIPTNG

A. CoordinaEe locaEion of piping, s-Leeves, inserrs, hangers, ductwork and

6^,ri^m6^r T^.:fa ninih^ .la6\,6c ih<arl-e h:ndarc dr.rw.rL 
^n.l

6drli^m6ni .la:r 
^f 

L'ihri^n,c .l^^yq 
^naninde 

I i^hr 
^rrrlprs 

.n.i ..)lhpr

services and utj-lities. P.repare eqLj-pnent layour drawings to coordinace
r in.t narc-..6 ^..l tac-LliLies. SubmiL Lhe

-. a< fad.li-a-l k!, per. I trollow manufactuter'su!dwar'9r

pubfished reconmendations for instalfation methods not otherwise
c^a^i fi 6A

a. Operatinq Personnel Access and Obser:vation Provisions: Select and

arrange all equipment and systems ro provide clear view and easy access,

wichouL use of portable -adders, for main!enance and operation of all
devices inc-luding, buL noL limiLed to: all equipmenL iLems, valves,
fil+a/e ctr:inar< rr^h<hit,6rc .^ni.^l dalti.p< All o^.rFs

and rndicaLors shaII De c-Iearly visible by personne.l sLandino on the
.1.^r.r 

^r n6ra:.arf n-a-f.rre Dn r.l -a.ll.6 m:'rl6r.rn^p and

ope.rating space and access provisions Lhar are shottn on Lhe drawinqs.
a Fd,,i 

^h6^r 
:n/l pinin^ qrrnn^rf. a^^r.lin:r a <r rri.rirr:l <\tsfpms

f^r hi^6 .h.J ad,,inmanr <,,hh^/, Lrifh ni6a 
^..1 

ad,,innant ln.:li.)ns l.l

narni i- nr^nar in< AllaLion.

D. Location of pipe sleeves, t.renches and chases shall be acclrateLy

^^^r.liri-a/l wi-l- ad,i^d6.1 :--l ^i-:rd ln.:t:ons.
t' 

^rr++in^ 
lJ^16..

I a'r+ h^l6c i h/^,,^h 
^^n-16F6 

rn^ h.e^nr\7 h\7 r^frr\7 .^.4 .lri I l

PneumaLic haruner, impacL eIecErrc, and nand or rnanuaf hanner !ype

dlill wifl not be afl-owed, except as permitted by PM/coR where

rnrorking area space is limited,
2. Locate holes to avoid interference !.rith structural menbers such as

beams or grade beams. Holes shall be Iajd ouL in advance drd orilling
,l.na 

^nlv:rfpr 
ann-^'7:- ^ PV/anR T! ife Con!IacLOr ConsiderS iC

necessary co dri-II Lhrough sLrucLural members, Lhis mdtter shaLI be

referred to PM,/COR for approval
3. Do not penetrate membrane wacerproofing.

F. Intelconnection of Instnmentation or Control Devices: Generalfy,
electrical and pneumatic inte rconne ct ions are not shown but must be

provided.
Dinrn^. a:6.6'a11., rd6F6- 

^ino -,.-c fr^- ,l-i^c :rd -l-:;-lS,

wacer cooling, and olher service are not sholrn but must be provided.
H. Electricaf Interconnection of Controls and lnstrumentsr This generally

not shown but must be provided. Thj.s includes interconnecti ons of
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sensors, transmitters, transducers, controf devices, control and

instrumenEa!ion pane.ls, instruments ano computer wor ksLati ons. Comply

with NFPA-f 0 .

L Protection and CLeaning:

1. Equipment and maceria-Ls shall be careful Ly hand-Leo, proper.ly stored,
and adequately protected to prevent danage before and during
installation, in accordance with the manufacturer's reconunendations

and as app!oved by Lhe Projecc Manaqer. Damaged or defecLive iLen's in
rh6 ^ni^i^n ^f 

Fha pr^i6^r Min:dar <h>ll ha ranla.a.l

2, Prorec! aII Iinished parLs ot equipmenL, such as shafLS and bearlngs
where accessible, f.rom rust prior to operation by means of prolective
grease coating and w.rapping. CIose pipe openings wlth caps or plugs
A'.-in^ incr:l l:rr^n 'ri^hrl!' 

^^r,6r :nd nr^ra.r f ivrrrras ,n.l a.rl)inmFnt

".,.' -hami-rl ^. mA.hrni.:l ini'rr\/ Ar .omolerion .)fd9drlrL

all work thoroughly clean fixtures, exposed materials and equ.lpment.

J. Concrete and Grout: Use concreLe and shrink compensa!ing grour 25 MPa

/ .lnorl 
^ci I mi hi m',m

!a TFcr:l I 
^.daa 

fharm^marar< v:l vae 
^..1 

.rhcr .1. w 
' 

L,' uuc rsYdrs

f^r 6:ca i. ra:.lind . s:i.l .lp\ri.es lo.elAv. uPcr dlrrtg rrr'rY Jolu

and position Lhermometers dno gages ro be easily read by operator or

staff sLanding on floo! or wdf(wdy provided. Servicrng sholl noL requite
- 

^,1i nmanr ^? ^i^6 
L'^rkursrLrdrrLrrrr9 ovjouc,'r ! , y-y! ,! i..

L. wo-rk in ExisLing Building:
1. Perform as specified in Article, OPERATIONS AND STORAGE AREAS,

Article, ALTERATIONS, and Article, RESTORATION of the Section 01 00

00, GENERAL REQUIREMENTS for relocatlon of existing equlpment,

al.terat-ions and resEoraLion of exisL.j.ng bui lding(s) .

2. As specified in Sectlon 01 00 00, GENERAL REQUIREMENTS, Article,
OPERATIONS AND STOMGE AREAS, nake afterations to existing selvice
ninrnn: linas -hiE lril I Ieasr inLerfere wiah normdl ope!aL-on of
the faci I i ty.

3. Cut required openings through exisLinq masonry and re:nforced
-^^-t6t-a ',< i n^ di:h^h.l ^^.6 .lri I I c ll<a 

^f 
nnprimaf ic hrmmer lvne

dri11s, j.n'pacE type elecLric driIls, and hand or manua. hammer rype
-lriII< wiII ha.6rr'll6.l .al/ wr -l^ of rhe Pesident
F.rinaar q.}'?r '..r-l la:cr -rfec! ScruclLrra I Slabs,

col-umns, ribs or beans, Refer to the Resident Engineer for
determinat jon of proper dosign for open:1gs Lhrough sLluctural
c6^r i^n< 

^n.l ^nanrn- ^r dril-:n^nrr- -!e-r4-r9 fdyuu r dPPrvvot t Pt tvL Lv LUuu rrY

into structure. After Residenl Engineer's approval, carefuffy cut

COMMON WORK RESULTS FOR HVAC
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nnaniilr thrn rrh ,.' .^ lrrdar -h,_ 2hq^ r'la-v recac<^rv ro!-

the required installation.
M. Switchgea! Drip Protectioo: Every effort shall be made to eliminate the

insta-[]ation of pipe above electrical and Lelephone swrtchgear. If Lhis
i. h^f n^ccil^'1 ^in6 in: c6-^nd nina r_L

N. Inaccessible Equipment:

1. Where the Government determines that the Contractor has installed
6d,,ihmonr- ianfl\/:..6<<ihlaf^r.npririon^n.irn,rinrenAn.e

equipment shall be removed and reinstalled or remedial action
nprf6rrne.l as .lirected at no additional cost to the Governrnent-

2. The term "convenienL-Ly accessiblerr is def.ined as capable of being

reached wj-Lhorrt Lhe use of Ladde.rs, or withouc climlcing or crawling
under or over obstacles such as motors, fans, pumps, belt guards,
franqf^*.na-s. l^'dh "^l n:ninn and ducLwork.

3.2 TEMPOR,ARY PIPING AND EQUIPMENT

a .^hfln,li r,, 
^f ^har:fi^ 

ar i.^ f:^il iriae L'i I I danar:ll\/ radiri rc

Lemporary installaLion or re-Locacion of equrpment and piping.
B. The contractor shal1 provide alf required facifities in accordance with

f l-a 16.rllirprrFnt< ^. n\:eal .^acl rr'.-ian aful .lainLenance Of Se!ViCe. All

^i^ihd rn.l 6drrinmAnr ehrl I l-'a nr^^arl \7 rfuysu Lv e! o !'1,

operate without excessive stress, and shall be insufated nhere injury
t^ hars^n.al h\/ .^nF:.i wilh 6ncrarind f:.il il res Th€l

ra^', i ramahl c 
^f 

P: r: 3 I :nnl \/

3.3 RIGGING

a n6ei^. ia ha<a.l .. >661i.^li^n ^l ^v^ilahlp 
adri.manr On.lninos n

l-\!,i l,-]i^^ rr6 ^l:nn6A r^ :^^^mm^.1:1-a .laeidn c.hana

B. Alternative methods of equipmenE del1very maY be offered by Cont.actor
and wi-l] be considered bv Government under specified restrictions of
prraJrr,e q,.*..*-...-..dnce ol service as wett as Struccu!a- Ln!.eorl ty or

the building.
a al^.a:ll 

^hahinde 
i. lh6 h"ilrlin^ Lrhan nnt ronrrirp.l f^r rrddin.

6DerFr ions to mernlain nron.'r envrronment in -ha 'a.ili 'o- ,'r^va-r-'renE

operation and maintenance of service.
D. Contractor shall p.ov de a-[] fac-LIiLies required co de-L-Lver speclfied

equipment and place on foundations. Attachments to structures for
r:igginq purposes and support of equj.pment on structures shall be

ConL.ractor's fu-LI responsibilicy. Upon request, the Government will
check structure adeqlracv and advise ConLractor of recommended

restrictions.
E- Contractor shall check all clealances, weight limitations and shal1

^rfar 
a riir.ri.l.r nlr^ .lae:..F/r h,, a Radr s-aran pr^Tacs c1]
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modifications Lo scructlres, inctuding reinforcemenL Lhereof, shd I be

at Contractor's cost, time and responsibility.
F. Rigging plan and methods shalf be referred to PM/COR for evaluation

prior to ac! ual work.
G. Restore bui Iding to original condiLjon upon comp-Letion of rigginq work.

3.4 PIPE AND EQUTPMENT SUPPORTS

A. Whr-r l-Fn.rpr snr.r r^ ,n^^q n^- .,r +L :^i

strucEural sreef channels secured d-irecL-Ly Lo joisr and .rib strucrure
_^l r^ tho radrli r6d ,i/.ir-! JPd(frrg >u>Perru

rr^ ^:n:r.r f y.-r ,,a .hr-r-16 c t.ri-[-t or burn ho-Les in
structural steel only with the prior. approval of the PM/COR.

R Il<c 
^f 

.h:in di /a 
^r 

crr:n h.^^ar.. Lr^^d r^r hl^^Lin^ ct:\,c rn^

bracing,' or, hangers suspended from pipinq above i^/i -L -L noL be pe!miLLed.
Ranl:.p .r ihdr^rdh l\/ .l a:n '',<r\/ ^'^d',^' q-ru PofrrL wf Lrr zf rrL P! !rL'c' .

C. Use hanger rods tha! are straign! and vert.ica.L. Turnbuck-Les fo! vertical
adjusLnenLs nay be omitfed where fimited space prevents Lse. Pro\ide a

minimum of 15 mr. (1/2-inch) clearance between pipe or piping cove!ing
and adjacent wor k.

n uvAc Hnri-^rr:1 Dina cr.^n^-- c-5^:n-. Doror.o MSS Sp_69_2003. provide
:l- 17:lvae err:in6ra in-l in6 n|hnc :nA ^i-h6r ha:r'dqo.L L -Lo a 1 supporLs ...-. ,.-_.y

components. Provide a supporL v.rithin one fooc of each elbow.
E. Overhead Supports:

1. The basic scructural sysrem of the building is designed Lo slsta n

rha 1.:.1< imn^<a^ h\/ .nd ^i^'^^ l^ ^a ^\/a.h6rd
2. Provide sLeel structurd- members, in addition !o rhose shown, of

| \/ F^ e, 
^n^rl 

Fha imn^ead l^:.lc l^-rr6.l inausYua Ls woPawLLt -)

accordance wiEh the fina- approved layout of equipmenc and piping.
F. Floor Support s:

1. Provide concrete bases, concrete anchor blocks and pedestals, and

struc!ural steel sysLems for support oL equipmenL and piping. Anchor

and dowel concrete bases and structural systems to resist forces
rln.lar 

^narr1-iFd 
:n.l <aicmi^ ^^nAii-i^hc /it '^. :^^!dvPa fL auas /

excessive displacement or structural failure.
2. Do not locate or insEall bases and supports untjl equtpmenc mounted

the.reon has been approved. Size bases ro match equipmenr. mounled

rhereon plus 50 fiLn (2 inch) excess on a-Lr edges. Refe! Lo sLructural
.ir:winds R:sac <h^ll ha h6.rlv ri.i.ha^ rn.l .m^^rh6A eh:ll h:t,6

.h:mfarF.l a.lda< 
^I 

I ha t^n in.l chrl I f.6 . i. !..! !vy, Po ",1 
, 

"9.
1 rr'r 6^,i^ndrr chi_l h6 cl-ihrad 'avFra4 fir11l,/:i.h^r6d Frtdr..ied

wifh cn.-)vw dr.irr A..h^, h^lfe ehrll ha 
^lr^6,-l 

i6 <166\,6e rn-h^r6A
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to the bases. FifL the annular space between sleeves and bofts with a

granula.r material to permit al--Lgnment and .realignmenL.

4. For seismic ancho.ring, refer to Section 13 05 41, SEISMIC RESTRAINT

REQUIREMENTS FOR NON_STRUCTURAL COMPONENTS.

3.5 MECIIANICAI DEMOLITION

A. Rigging access/ other than indicated on the draltings, shal1 be provided
h\/ rha annfr:.tor affa- :nn--\'rl '.r s rr'.rr'e:l in--ari w l-v Fhp DIr/coR.

Such access shall be provided without additional cost or time to the

Government.
B. Confine the work to the irunediate area concerned; maintain cleanfinesg

and wet down demofished mater.ials to eliminate dust. Perfor:m all flame

^r.-,ira t^ r.:rii:i-r t\p .:,o -rrat., r.r.Fo-tt.t - f ,hr. F:.:t i .. A.tadrrte

fire extinguishing facilitles sha11 be avaifable at all tines. Perform

all work in accordance erith recognized fire protection standar.ds.

InspecLio.) will be made by personne-L of !.he VA CemeterY, and ConLraclor

shall follon all directives of the PM,/COR ltith regard to rigging,
safety, fire safety, and maintenance of operations.

C. Comp-LeEely remove a]-L pipj-ng, wiring, conduit, and other devices

associated with the equipment not to be re-used in the new woLk. Thls
incfudes a1t pipe, vafves, fittings, insufation, and al1 hangers
ih^],,'-{in^ rha '^n .^nnA^ri^n f:<raninds id 6rri l.l in.r srrrrcrrrral

systems- SeaI aIl openings, dfter remova.L ol equjpment, pipes, ducts,
:n/j ^the. neneireticr. :r -^r. wall i-:. rnrr^',^,1 na.rcr and

..,itL. .1:ne ,in.t snp.ific:rions .i..1_.. .nvpr6-1.
c1-r,,.r'rr=l ia--dri-'. ., tl^a r-r', i l^ir. e',<faa shal-L be maintained.

Refelence shall also be nade to the dra\,Iings and specifications of the

^fher dis.inlines i- r r'a n-.ip.l r^r:d.lrrinnal facillties Lo be

denolished or. handled.

D. A.LI valves inc-Ludinq 9ate, g-Lobe, ball, buLLe!lIy and check, a'l

pressure gages and thermometers with wells shalf rernain Government

property and shalf be removed and dellvered to PM,/COR and stored as

directed. The ConLracLor shall remove al I oLher rnaterral and equipment,

devjces ano demol irion debris Jnder these plans and speciijcations. Such

materiaL shall be lemowed from Government property expeditiously and

shal-l not be allowed to accumufate.
3 . 6 CLE,AIIING A}.ID PAINTING

A. Prior to final inspection and acceptance of the facil-ities for
beneficial use by Lhe Governmenl, Lhe fdcil i res, eq--pnenL dncl sysLems

sha-[I be tho.rough]y cleaned and painted.
B, Io addition, the following special conditions apply:

COMMON WORK RESULTS FOR HVAC
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1. C]eaning shalf be thorough. Use cleaning materials and methods

reconmended by the nanufacturers for the specific tasks. Remove all
rlrcf .lr'inr ro n:irrind :.^ f,^n t^ -ara:n r-n:rn-a.j . P6n.ir

scratches, scuffs, and abrasions prior co applyino prime and Finish
coats.

2. Material And EquipmenL Not To Be Painted Includes:
a. MoLors, conEroflers, conLrol swirches, and safeLy s!,,itches.
b. Control and intellock devices.
c. Regulators.
d. Pressure reducr ng valves.
e, Control valves and thermostatlc elements.
f. Lubr-icaLion devices and grease f.itLings.
4 .arh6. hrrsc i'r.niFr.a qr:inlass "--e1 and b.rOrze SurfaCeS,

h. Valve sLems and roLaLing shafEs.
i. Pressure gauges and therrnometers.
j . GIass.
k. Name plates.

3, Con!ro1 and insLrumenL panels sha1l be c-Leaned, damaged sLrfaces
repai.red, and shall be toLched-up wiLh marching pa-nl obrained Iron
pane-L mdnutdcLuter.

4. Pumps, motors, steel and cast iron bases, and coupling guards shal1

be cleaned, and sha11 be touched-up with the same color as utilized
by the punp manufacture r

5. FinaI result shatl be smooth, even-colored, even-Lexrurad facLo-y
finish on all items. cornpfeteLy repaint the entire piece of
6d,,i^mant if np.a<<^,\/ r^ :.hiAva this

3.7 IDENTIFICATION SIGNS

A F:.r^r\/ Rrrilf F.drlinmcnr: [4ar:] nl:ta. secrrre'-- _- .ry
address of manufacturer, seriaf nunber, modef nurnber, size and

perforrnance.
R pihA r.tahfi fi.:fidn: Refer to Section 09 91 00, PAINTING.

3.8 MOTOR AND DRTVE AIIGNMENT

A, BeIt Drive: SeE driving and driven shafEs paralleI and a'iqn so LhaL the

-^116ch^n.li n^ . ra i^ tha <:mF nl rnF

B. DirecL-connecL D.rive: Secure-Ly moun! motor io accurate a-Lignment so that
sbafts are free from both angular and para1le1 misalignment when both

motor and dr.iven machine are operating aL normal tempe!aLLlres.

3.9 II'BRICATION

A. LubricaLe all devices !eoui!-ing lLb!ication prior to intrial opera ion,
and field-check all devices for proper lubrication.

a F^,,ih.ll .lalri.a< L'i ih rad,,ira.l l,,hri.irinh E:-.i.4. ^r lavi _6<D. s\turP
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c. AIl lubrication points shd-[-[ be access-LbLe wi tnout disassembfing
6^" i^manf 6w^6nl I i^-6cc 

^l:+6<

3.10 STARTUP AND TEMPORARY OPERATION

A, Startup equipnenL per manurac!urer's instructions. Verity Enat vibt'ation
i< within snp.: F:p.l -.)larr.].a nri -r r^ ayf Fi/ia.l .narat i^. Ta'nni.r.-v rse

of equiprnent is specified in Section 01 00 00, GENERAL REQUIREMENTS,

Articfe, TEMPORARY USE OF MECHANICAL AND ELECTRTCAL EQUIPMENT.

3.11 OPERATING AND PERFORMANCE TESTS

A, Prior !o the t.inaI -nspection, perform.required tests as specified -ln

section 01. 00 00, GENERAL REQUTREMENTS, Article, TEsTs and subr.it the
test lepor.ts and records to the PM/COR.

B. Should evidence of mdlrunction in any Lested syscem, or piece of
a^'ri^manf ^r .^mn^nonl n:rt rnara^f ^..ri/.lI/ind ^..s 

a rcsrr'l I nf

tests, make proper corrections, repairs or replacements, and repeat
tests at no additional cost to the Government.

^orfr,r w.rt ^.curs aL a time when finaluwr"yrc L r vrt

-^nrr^l <affind< :n/i :.1i,'<l ha nr^narl\/ m:da r 
^ 

m:kp

-ha^ h.lz6 ^6ra^/m...a fa<f< f^r hairindPc! ! u!n'4rrL s

f^r.^^1r.. s\,<fane racna.- iva-v 4rri./r rir.t dctual seasonaf use ot

respect-ive systems follorvinq compl-etion of v,rork.

---END---
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SECTION 23 05 L2
GENER,AI MOTOR REQUIREMENTS FOR IIVAC EQUIPMENT

PART 1 - GENER,AT

1.1 DESCRIPTION

Thrs sF..in.r qna.if:6c +h6 !,,-^i^L:-^ :nc-rrlaEion and connection of

motors for HVAC equ ipment.
1.2 REIATED WORK

A. Section 26 05 LL, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: Gener.al
FlF.iri.:l rp.'rrirements that are comnon to more than one Section of
Division 26.

B. Section 26 29 II, LOW-VOLTAGE MOTOR STARTERS: Starters, control and

nrn_a.t i ^r '^r m^lnrs.
. nf r..6- c6-!i-nc cn6-i!,,:-- ,,6n 6-i.rnnenr in Divislon 23,

1.3 SUBMITTAIS

A. In accordance with Section, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS,

subnlt the following:
B. Shop Dra''ings:

1, Sufficient information, clearl-y presented, sha1l be inc.luded to
determine compfiance with drawings and specifications.

2. Inc-[ude e].ec!rica-[ raLings, dimensions, moun!inq detal]s, maLeriafs,
horsepower, RPM, enclosL.e, sLarLing c h a r a c ! e r i s t i c s , Lorque

characrerj stics, code Ietrer, IuIl load and locked roror cu!.ren!,
service factor, and lubrication melhod.

C. Manuals:
1. Submit simu.Ltaneously with the shop drawings, conpanion copies of

-^mnl6ra hri.t 6n:n^6 :rA ^n6r:fin^ m^n,,.1.----." -..--.---ir InCIIO-Lng -e\:lrnlCo. OdCa

sl^aai c anl :nn"caLron daLa.

D. Certification: Two weeks prior Lo flnaL inspection, unfess oEher!'ise
noted, submit four copies of the following certification to the Resldent
Fhd i nAAr.

1. CercificaLion Lhat the moLors have been proper-Ly app-Lied, i.1sLdlled,
adj usted, fub.ricaLed, and rested.

1. 'l APPLICABLE PITBIICATIONS

A. Publlcations listed below (incfuding amendments, addenda, revisions,
c, 

^^lara.lc 
:rl p--n-^ firn : -:rf ^l 1is sna.:l:^) i-r _. r\a av-rnt

referenced. Pubfications are referenced in the text by designation only.
B. National Electrical Manufacturers Association (NEI'4A) :

MG 1-2006 Rev 1 2007....Motors and Generators
C. National Fi re ProtecL ion Associacion (NtPA) :

70-08... . , , ,. . . .National Electrical Code (NEC)

GENEML MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
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PART 2 - PRODUCTS

2.1 MOTORS

A. For a-Lternating cur!enr, lracLionaf and integral horsepowe- motors, NEMA

Publications MC 1 and I'lG 2 shaII apply.
q V-l f,da -eti n.rs sh:']1 be as to.L_Lows:

1. singfe phase:

a. Motors connected to 120-volt systems: 115 vofts.
b. Motors connected to 208-volt systems: 200 volts.
c. Motors connected to 240 volt or 480 voft systems: 230/460 volts,

dual connection.
2. Three phase:

a. Motors connected to 208-voLt systems: 200 voIts.
b- Motors, less than ?4.6 kw (100 HP), connected to 240 volt or 480

volt systems: 234/464 volts, dual connection.
c \,,mhar .f n\isrs sl-a11 be as follows:

1.. Motols, less than 3'13 \l lI/2 HP) : Single phase.

2. Motors, 3'73 Vl 11/2 HPi and larger: I phase.

3, Exceptions:
a. Hermetically sealed notors.
b. Morors for equipn,ent assenJc.L-Les, Iess than ?45 W lone HP), nay be

single phase provided the manufacture! of the proposed assemb]ies
cannot supply the assenblies with three phase motors.

n H^.<an^L'ar r:l i.^q sh^ll ha :dad,,:fa F^r 
^.aral 

,n^ rho .6nnp.ra.l lor.l-!. rrv! rsPvws, I qufrLYo

continuously in the prevailing anrbient temperatures in areas where the
notors are installed, without exceeding the NEMA standard temperature
rises for the motor insulation.

E. Motor designs, as -ndicaled by che NEMA code letters, shafl be

coordinated wlth the connected foads to assure adequate startlng and

.running torque.
F, Motor Enclosures:

1. Shall be the NEI'IA types sho!.rn on the drawings foi the motors.
2. whe.re che types of motor enclosures are nol shown on Lhe drawinqs,

-hFV shrll ha In- NFI\44 'vnae. whi.h a-e yosL suitable for Lhe

environmental conditions where the motols are beinq tnstalled.
3, Enclosures shall be prired ano finish coated aL Lne fac-ory wiLh

m:nrf^.trrrerrs .rirne coat and standard finish.
C A.tdifr^na' . f.r cna.i fr. n^torq. as i.ndicdred in oche.r

sections, shal l a- so appl y.
H. Energy-EfficienL Molors (Motor Efficienc-ies): All permanent ly wired

n^lvnh:ca mol-lrrs nf ?46 Watts or more shal-I meet the rninimum fuff-foad
efficiencies as LndicaLed in che folLow.ing LaoIe, and as specrfied in

GENERAL MOTOR REQUIREMENTS ['OR HVAC EQUIPMENT
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I. Minimun Power Factor at Fulf Load and Rated voltage: 90 percent at 1200

R pr\4 nno RPM ^nd ?600 RpM.

.- Prahi,rn affi.ian.'7 -notors sha-L-L be used wle.e anarn ^^e-lLW y /l.r'rc
,r ea /r,a: r \ > qO

PART 3 - EXECUTION

3.1 INSTAII,ATION

A. Install rnotors in accordance with manufacturer's recorrlnendatr-ons, the
NEC, NEMA, as shown on Lhe drawlngs and/or as required by oLher sect ions

^f tl^asA snac i fr.:tions.

3.2 FIELD TESTS

A M6^^6r r'1 1 m^t^re :ff6y i^.,:ll:fi^h har^16 <r.rr-',n All .h:ll l6<t

F 166 fr^m 
^r^,rnd<

---END---
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this specj.ficarion. MoLo!s of r46 Warrs o! more wiLh open, drip-proof
or toLalIy enclosed fan-coo-ted enc-Losu.res snall be NEMA preniun
efficiency type, unless oLhe.Lwise rndicaLed, Motors provided as an

inta^-:' n:r-.f r^r.v I'rva- a.riinp-l .rrF Fv.1r.-led from this
requirement if a ninlmum sedsonaL or overal-L etfic-Lency requjrement js
indicated for that equipment by the provisions of another section.

Minimum Effic iencies Minj,mr.rm Ef f iciencies
-ota11y Encl osed Fan -coo led

Rating
kr"r (HP)

1200
RPM

1800
RPM

3600 RPM
KW (HP)

r2aa
RPM

1800
RPM

3600
RPM

0.746 (1) B2 .52 85.5t '7'7 .0?5 0.746 (1) 82.52 85.5; ?7.08

1.12 (1.5) 86.58 86.5? 84.08 1.12 (1.5) 8'/ .5e" 86.5"6 84.0t
1.49 (2) 87. 5? 86.5t 85.5C 1.49 12) 88.59 86.5? 85.5*

2.24 13) 88.53 89.5? 85.5t 2.24 \3) 89.5? 89.5? 86.5?

3. ?3 (s) 89.58 89.5? 86.5t 3.73 (5) 89.53 89.53 BB.5T

5.60 {7.5) 9A .22 91.09 88.5t 5.60 (7.5) 91.0? 91..'72 89.5t
7.46 (10) 9t .'7 Z 91.7? 89.5C 7.46 (10) 91.0? 91, .12 90.22

11.2 (15) 9L .'7 e" 93.0? 94.22 11.2 (1s) 91 .'7 Z 92.42 91.0t
14.9 t20) 92.42 93.0? 91.0* 14.9 (20) 9I .t e" 93.08 91.09

rB.'/ \25) 93.09 93.6? 91.7t 18.7 (2s) 93.0? 93.62 9L1&

22.4 \30) 93.6? 94.r2 9L .'7 Z 22 .4 \ 30) 93.0C 93.6? 9I .'7 Z

29.8 \ 40) 94.72 94.1? 92.42 29.8 (40) 94 .12 94.r2 92 .4*

GENERAL MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
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sEcTroN 23 05 4r
NOISE AND VIBR,ATfON CONTROL FOR I{VAC PIPING AND EQUIPMENT

PART 1 - GENER,AI

1.1 DESCRIPTION

A. Noise c-riter.ia, vibration tolerance and vibration isolation for. HVAC

o"u Pf u]'u f rr9 wur^.

1.2 RELATED WORK

A. Secti-on 23 05 II, COMMON WORK RESULTS FOR HVAC: General mechanical
requilenents and items, which are colunon to more than one section of
Divisi-on 23.

B. Section 23 3I AO, HVAC DUCTS AND CASINGS: requirements for flexible
c c.und attenuato!s and sound :l^c^,1 :r 

^ /r.r.r .:riFd
evrv! vf 

"9 
vu! L ffrrfrr\J.

C. Section 23 05 93, TESTING, ADJUSTING/ AND BALANCING FOR HVAC:

requirenents Io! sound and vibraLion Lesrs.
1.3 QUAIITY ASST'RANCE

A. Refer to alticle, QUALITY ASSURANCE in specification Section 23 05 11,

COMMON WORK RESU],TS FOR HVAC.

B, Noise Criteria:
1. Noise levels in aff 8 octave bands due to equipment and duct systems

shaIl not exceed follolring NC tevels:

Type Of Foom NC LEVEL

Ba Lhrooms and Toilec Rooms 40

Confelence Rooms 35

a^rri/l^re/D,rF,r i^! 4A

Lobbies, Waiting Ar eas 4A

Offices, large open (3 or more
occupant s )

40

Ofti.A< <m:ll ^ri\,)td t) -- 1--.--

occupants )

35

Mechanical 50
2. Fo! equipment which has no sound power ratings scheduLed on the

plans, the contractor shaLI select equipment such that the fore-
going noise criteria, focaf ordlnance noise leve1s, and OSHA re-
quirements are not exceeded. Selection procedure shaff be in
accordance irilh ASHRAE Fundamental,s Handbook. Chapter B, Sound and

Vibrat ion -

3. An al lowance, nor !'o exceed 5db, may be added ro rhe measJred value
l-^ -^?n6rc:r6 .^" -!. ,,TariaEiOn Of fhe rOOm aLLer , r19 gL!crL

between room tesL cordiLion pr-Lor Eo occupancy and destgn cond-Lcion

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
23 05 4r - |
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:ftar ^..rih:n.v L'hi^h m:\, rn-1,'A6 lha :Adii i^^ ^a <^rrh.l :h<^rhih^

m:fFri;] srr.h i< n^r ha r >kan )ll ar

r''1a rn.]n ,ittan,,:l '.d .fa6c' i " qefined as the difference

between sound power]eve-L emitted to room and sound pressure leve-L

in room.

4. fn absence of specitied measuremenL requi.remenLs, measure equipmenL

noise levels three feet from equipment and at an elevation of maxi-
mr.m n^i sF .ran6r^r ion.

C. Alfowable Vibration Toferances for Rotatlng, Non-reciprocating Equip-
ment: Nol to exceed a seff-excited vibration maximum vel-ocity of 5 run

per second (0.20 lnch per second) RMS, frltef in, when measured i4iLh a

vibration meter on bearing caps of machine in vertical, horizontal and

axial directions or measured at equ.ipnent mounting feet if bearrngs are

concealed. Measulements for internally isolated fans and motors may be

rnade at the mounting feeL.

1.4 SI'BMITTAIS

A. Subnit i.n accordance r./ith specification Section 01 33 23, SHOP

DRAWINGS, PRODUCT DATA, AND SAMPLES.

B. Manufacturerts Literature and Data:

1. V.ibrat i-on isolators:
a Fl ^^r m^!rn + i n^...- -.. - -.. JS

b. Hanger s

c. Snubber s

d. Thrust restraints
2. Bases.

3. Acoustical enclosures.
C. lsolato! manufacturer sha1l fu!nish wi-th submittat load calculations

for selection of isoLators, including supplemental bases, based on

lowest operating speed of equ.ipmenL supported.
1. 5 APPLICABI,E PUBLICATIONS

A Tha nrrhli.rti^ns li<ia.l hal^L' f^rm: n:rr ^f fhic .^a^ifi^:l-r^n t^ rh6

extent referenced. The pub-[ications are referenced jn !he text by the
haei^ .lacidn:tian anlrr

R Amcri.:n Sn.iafw .f Ha^r ihd pafri^ar:rihd .h.l air-a^..1 i' i^.i.^

Engineers, Inc. (ASHRAE ) :

2009.... . - . . . . . . Fundamenta.ls Handbook, Chapter 8, Sound and

Vibrat ion
C. tunerican Sociery for Testing and Materials (ASTM) :

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
23454r-2
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AI23lA123M-08. ..SrandardSpecifrcation forZtnc {HoL-Djp

Galvanized) Coatings on Iron and Steel Products

A307-07. . - . . . . . . Standard Specification for Carbon Steel Bolts
and Sruds, 60,000 PSI Tensi-Le Strength

D2240-45. ...-...Standard Test Method for Rubber Property -
Durometer Ha rdnes s

D, Manufacturers Standardization (MSS) :

SP-58-02. .......Pipe Hangers and Supporls-Maceriafs, Design and

Manufacture

E. Occupational Safety and HeaIth Adminj-stration (OSHA) ;

29 CFR 1910.95 ..Occupationaf Noise Exposure

PART 2 - PRODUCTS

2.1 GENERAI REQUIRSMENTS

A. Type of isolator, base, and minimum staLic def-LecEion sha-LI be as

radfi rp.l fdr pa.h <nF.i fi. ad,,inmant a66] ,.Ati^n :a 
'a.^mm6h.lo.l 

hv

ie^l:rdr 
^r 

a-rri6manf m:hrrf.^r,'.6/ l-','l <,rhi6^r r^ mihim',m .a^,rir6h6^l c

indicated herein and in the schedule on the drawings.
B. Elastometrj.c Isolators shaII compl-y with ASTM D2240 and be oi.l-

resistant neoprene with a maximum stiffness of 60 durometer and have a

st rai/.lhr-t ino rtar'laction curve.

C. Exposure to weather: Isolators, includrng springs, exposed to weather

shaIl be hot dip ga]vanized afLer fabricatj.on. HoL-d-Lp zinc coaLing
shal1 not be less than 609 grans per squa.re meter (two ounces per

\ }lt, ,.,^ i -l1 -

D. Uniform Loading: SelecL and loca!e isolacors ro p!oduce uniform .oading

and deflection even when equipment weight is not evenly distr:1buted.
E. Color code isolators by rype and sj-ze for easy idenLilrcation of

capacity.
2.3 VIBRATION TSOI.ATORS

A Fl 
^^r 

M^rrhl_ i nd<.

1. Double Deflection Neoprene (Type N) : Shall rnclude neoprene covered
<faal eir^h^rr nlrfa.l /r^^ .hd l^,^1 F^ml ari-i-r^n n:/lc :nd n6-6cc:rL,.vv. JJq. /

bolt holes.
, Sbrind Ts^l^r^r< rTvna ql. qhrll F,a fraa-^+--r;------ SEanqr ng, la!.eral ry 5f aole

and include acous!..icaf frictron pads and Ieve-Ling bo-Lts. lsoLators
shall have a minimum ratio of spring diameter-to-operating sp-ring
l'ei.tFr df 0 :nd an addrEiona-L trave-L to s^-ill a.r >l r^ 5^ n6-.a.t
of rated deflecLion.

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
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3. Spring TsolaEors wiLh vercica.l- LimiL SLoos {Type SP) : SimiLar Lo

cnrih^ ic^l:r^/e n^l6d rl-'^r'6 6w^6^' i^.1',.1a : \,arrr.al I im;l <r^^

to limit upward lravel if werght is removed and also to reduce

movement and spring extension due to wlnd loads. Provide clearance

around restrajn-Lng botLS to prevenL mechanica-L snort crrcuiLing. /,/

lsolators shatl have a mlnimum seisrnic ratlng of o^e G. //
4. Pads (Type D), Washers (Type Wi, and Bushings (Type L) : Pads shall

be felc, cork, neoprene r.raIf le, neoprene and cork sandwich, neoprene

^i.l frhar. :sc o.r -reinforced duck and

W:st^r-. ' .- -^inforced d,tck ando,,u vuJlf r'9J

neoprene. Size pads for a maximum -Load oI 345 kPa (50 pounds per

ed,,: ra in.h\

B. Hangers: Shall be coiTcination neoprene and spr-Lngs unless o!herwise
noted and shall alloer for expansion of pipe.

rn.l e^ri^^ /Tr,^6 l.l\. \Iil^'r:ri^n hrn^ar eh:11o.,u JP- |.,j \.)Pc rralrvEr J'ro I l

contain a spring and double deflection neoprene element in serres.
Spring shal-I have a dianeler not less than 0.8 of compressed oper-
:i.iin q^-i'1.J ho:oh. Sn-r'1n .l^,r'l hawa a ninimrm addiLiona-L Lrave-L

of 50 percent beEween design height and solid he-lght. Sprjno shall
permit a I5 deg!ee angu,ar misal ignment \^rirhout rubbing on hanger

box .

? qnrin^ p^qiti^. HAn^ar /Tv^a Hp1. qimil^r r^ .^mhinar i^n ha^nro.a

.nd <nrind h:nd6r av^a^, hrh^a/ <h:ll h^1d ninihd:r: fiva.J

elevation during insrallaLion and include a secondary adjusrmenL

feature to trarsfer load co sprr-ng while mainLaining same positio'r.
/T!'n6 ur.l'. vih-:-i.a h:-dar sLr' conLain a double

116l la^l i^n ic^l:ri^n 6l6ma.l H-n^ar r^.1 ch:11 ha

separated from concact wiLh hanger bracket by a neoprene gronune!.

4. Spring (Type HS): Vibration hanger shalf contain a coifed steel
spring in series w'!h a neoprene gromme!. Spring shall have a

diarneter not less Lhan 0.8 of compressed operaLing sp-c.Lng heighr.
Sp.ring shall have a minirnum addicional Lrave.I of 50 percent beLween

d6<idn haidhr:nd.^li/l h6i^ht cnrin^ chrll n-rmi, r lq.16^.a6

angular misalignment *. Lhour- rubbjng on hanger box.
q H..^6Y r^/ ni^rn^ qa mh r, ih^h6a\-v! PfP!'19 Jv ruLL \z fdlgs! -r'd

n^i^far :n.l <.:'e dellecLion indicalor.
2.4 BASES

A p.ile lTvna R\. Daai-_ L*:^lzar < r^ rad,,^a m^,,hrih^r ,vv i 9" "Lvu'rLlrg

height of equipment and crad-Le machines having legs or bases that do

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
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.^t ralr'r: a srnnlama.rayv h:<a T^ :ec,,.a :.lad":ra

stiffness, helght of members shall be a ninimum af 7/I2 of fongest base

dinension but not less than 100 nun (4 inches). llhere rails are used
mr''5r _ rtr small fans or close coLrnla'l n rnns av_pnrt

r:i I < f^ .^mhFneil o 
^varh:n^ ^€ h^,,crnd

B. Tntegral Structural Steel Base (Type B) : Design base wiLh iso.Ldtor
brackets to reduce mounEing height of equipmenL w']ich reqLire a

compleEe supplernenLary rigid base. To assure adequate sLiftness, hetgh!.

of rnenbers shalf be a minimum of I/72 of fongest base dimension, but
not less than 100 mn (four inches).

C. Inertia Base (Type T): Base shall be a reinforced concrete iner:tia
base. Pour concrete into a welded steel channel frame, incorDoratino
p.relocaced equipnenL anchor oolts and pipe sleeves. LeveI rhe concrete
f^ n-n!'iil6 : <r_^ h ,rif^rm ha:r1nd c,,rf:.6 r^r 6d,,inm6nr m^,1nrih^vgo||rl9||Lvu'|lll]9.

Provide grouc unde.L uneven supports. Channel depLh shall be a minimum

of I/72 of longest dimension of base but not less than 150 m'n (six
inches). Form shall include 13-nur (1/2-inch) reinfor:clng ba!s welded in
^l a-6 

^r 
mi n i nrra -. ^l'I mm la i 

^ht 
ih-h I I uL'rr I L19 vvL I wdyJ rrr d

layer 40 mm (1-1,u 2 inches) above bottom. Use height saving brackets in
all morrntino loc,:f ions ha 6^',.1 r^ ^r
greacer than weighL of eqJipment supported Lo provide a maximum peak-

r.o-peak displacemenL of 2 mm (1,/15 inch) .

D. Curb Mounted Isofation Base (Type CB) : Fabricate fr.om aluminum to fit
on top of standard curb wiLh overlap !o a1-ow waLer run-off and have

wind and water seals which shaff not interfere with spring action.
Plovide resifient snubbers with 6 run (1,/4 inch) cLearance for wlnd

'aci<tri^a -^n ri.l h'^-l-.m l^'a:rihn clrrf:.6c ch:l_ L-.-- rPv | 9s L yPc

r., F9,o_L sprlng isofators shall comply wiLh Spring
TsoIato.r (Type S) requirements.

PART 3 - EXECUTION

3.1 INSTALI,ATION

A. Vibra t i on Tsoldt-on:
1. No metal-to-metal con tac t

r lvo Lf'rv var rJ.

wiII be permitted between fixed and

2 an^ip.f r.)rs fo F..rr''n.anL: Af -Lo\,,, for deflecLions F.r,.,: in.-.rrorlpr

fhFr Fd' in-Fr| -lo.la. i6ns Flp.r, i.AI .lr^in ni6i^^ .^.^a.r '^ne

and ocher i!ems made ro tocatlng or reciprocaEinq equipment ,pumps,

compresso.rs, etc.) whlch rests on vibration isolators, shal,1 be

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
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isolated from building s-rucEtre for Li.rst three hangers or

3. Common Foundation: Mount each electric motor on same foundation as

driven machlne, HoId drivtnq mocor and driven machane in posi cive
ri.ri.l :'i.Jnnaaf : ri..-in^ m^t^/ rt ^nm6n, :n.],L wLLrr yrvv 4uJurLr-.e

belt tensj.on. Bases shafl oe LeveI Lhroughout length and widLh.
Provide shi.rns Lo facj -[iLa-e pipe connecLions, feve] I ng/ ano boILing.

4. Provide heat shiefds where elastoners are subject to temperatures
lrvtr i8 .ltl]reas r_ I IOO .ladr6oc F-1

5. Extend bases for pipe elbow supporcs at discharge and suction
connections at pumps. Pipe e.Lbo\"? supporLs snalf nor shorL c:rcuiL
^!rmn r.l |lr.i i ^n ts,, -c sLructufe.

6. Non-rotating equipmenL such as hear exchangers and conve.rLo!s shal-
be mounted on isolation units having the same static deflection as

Lhe -isolation hangers or support of the pipe connecced -o -ne
adrr i hmAnl-

B. Tnspection and Adjustnents: Check for vibration and noise transmissiorl
tl^rnl]dh ^^nra^fi^.c ni ^: ^^ ,^,,^{1fi^hQ :hd L'.I tc 

^Ai,1cr

repair, or replace i.solarors as requtred ro reduce vibraL.on and noise
transmi ss ions Lo speciried levefs.

3 .2 AD.'USTING

A. Adjust vibratlon lsolaLors aLLer piping syscen(s are frIIeq and

equipment is at operatLng wetg']t.
B. AdjusL limit stops on resLrarned sprjng j so_LaLors !o moJnL eqr_rj.pmen! aL

F^rnil onar,rl i^a h-iohl Afrpr o.rrlinmcnf in<r:tt^ri^n rc .^m^1.,6

:.lirql I imit sfdn< e^ fha\, ^^nr --r A,,rih^uur I '19 "vLr'rdr uPc!dr I u .

C. Attach thrust linits at centeiline of thrust and adjust to a maximum of
6-run (1,/4inch) novement during start and stop.

.) Ad i sl :.' :va hai.h .f snr ind i e^l:f^re

---END---

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
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SELECTION GUIDE FOR VIBRATION ISOLATORS

EQUl PMENT ON GRADE 2OFT FLOOR SPAN 3OFT FLOOR SPAN 4OFT FLOOR SPAN 5OFT FI,OOR SPAN

BASE
TYPE

lSOL
TY PE

MIN
DEFL

BASE
TYPE

ISOL
TY PE

MlN
DEFL

BASE
TY PE

ISOL
TY PE

MIN
DETL

BASE
TY PE

ISOL
TY PE

MIN
DEFL

BASE
TY PE

ISOL
TYPE

MIN
DEFL

REFRTGERATION MACHINES

PACKAGED D SP 1.0 SP | .'7 SP 1- .'l R SP

COMPRESSORS

UP THROUGH 1_ 1,/2
HP

D, L,
W

2 HP AND OVER:

500 - 750 RPM D

]50 RPM E OVER D

PUMPS

BASE
MOUNTED

UP TO
1O HP

15 HP
THRU 40

HP

I S 1.0

ROOF VENT ILTORS

ABOVE OCCUPIED AREAS:

5 HF & OVER CB S 1.0 CB s 1.0 CB S 1.0 CB S 1.0

AIR HANDLING UNIT PACKACES

SUSPENDED:

UP THRU 5 HP H 1.0 H 1.0 H 1.0 H 1.0

7 _ 1,/2 HP & OVER:
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EQUI PMENT ON GRADE 2OFT FLOOR SPAN 3OFT FLOOR SPAN 4OFT FLOOR SPAN 5OFT ELOOR SPAN

BASE
TY PE

ISOL
TYPE

MIN
DEFL

BASE
TYPE

lSOL
TYPE

MIN
DEFL TY PE

ISOL
TYPE

MIN
DEFL

BASE
TYPE

ISOL
TYPE

MIN
DEFL

BASE
TYPE

ISOL
TYPE

MIN
DEFL

UP TO 5OO RPM H.
THR

1, .1 Hl
THR

| .'l H,
THR

L.-/
THR

I.1

501 RPM 6 OVER H,
THR

1.0
THR

1.0
R

L .'7 r.7

ELOOR MOUNTED:

UP THRU 5 HP D

7-1,/2 HP & OVER:

UP TO 5OO RPM D R s,
THR

I.1 R s,
THR

7.1 R s,
THR

r.7 R S,
TIiR

1.7

501 RPM E OVER D S,
THR

1.0 S,
THR

1.0 R s,
THR

7 .'7 R S,
THR

| .'7

NOTES I

1. Edit the TabIe above to suit whe.re isolator, other than those shown, are used, such as for seismic restraints
and posirion I imir stops.

2. For suspended f-Loors Iighter than 100 m,n t4 in.h) rhick concrere, sFlect defleccion requiremen!s fror. next

higher span.
1 F^/ cd^r.rld ^hill6r F,,,ilAin^ ^n ^rr/16 ^',mh 

ic^l ha .mi tto.l

4- Direct LoIL tire punps tc concrete base. P!ov.ide pads (D) for domostic waLer booster pump packaqe.

5 For orolecrs ;n seisn'. rra:s reF lrrlv sS I 1c rvna i<'1^-.-. -n.l snrrboers.

6. For floor mounted in--Line centrifugal b-Lowers tARR 1): use "B" Lype in lieu of "R" type base.
? c,,eh6-.-r6^. isolators of same deflection as floor mounted.

T-2
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sEcrroN 23 05 93
TESTING, AD.'USTING. AND BAI,ANCING FOR TIVAC

PART 1 - GENER,AI

1.1 DESCRIPTION

A r"a.' i^^ :dirr<fin^ .n.l F,rlrn-rn^ r'rAR, ^F hc-':_-. _:at 1nq / vantL-Laftnq ano a1I

^^nAi. i^-ird /H\rD., c!cr6ac -rD rn^t.,rt6c tshe foI-Lowing:

1. Planning systemaLic TAB procedures.

2. Design Review Report.
1 et/cf6mc Th c^6^+ i /...-F----)n report.
4. Duct Air Leakage test report,
5. Systens Readi ness Repo-rL.

6 p. 1.n^i.^ .ir :h.l L'.F6r A ci_,il-\,rri^h :Ai,,crm6nr ^F r^r:l

system to provide design performance; and testing performance of
a.r'r inn6.'t :nd F ,,_omatic co.rtrol s.

7. Vibration and sound measurements.
R Aa.^r.lind :n.l rah^rr ih^ r6<,,ltc

Definitions:
1. Basjc TAB used in Lhis Secrion: Chapte.! 31, "Testrng, Adlusfing and

Balancing" of ASHRAE Handbook, "HVAC Applicatlons".
2. TAB: TesLing, Adiusring and Balancing; che process of checking and

adjusting HVAC systems to neet design objectives.
3. AABC: Associated Air Balance Council.
4. NEBB: Nationaf Environrnental- Balancing Bureau.

5. Hydronic Systems: Inc.Ludes ground source heat pump condenser liater.
6. Air Systems: Includes a-L.L oucside air, supp-y ai!, reLurn air,

exhausr a i r and rel i ef air systems.
?. Flor.r rdce tole!ance: The a.I.IowabIe percentage va.riaL_on, minus Lo

pIus, of actual f1o!v rate from values (design) in the contract
oocunents,

1.2 REI,ATED WORK

A. Section 23 A5 11, COMMON WORK RESULTS FOR HVAC: General Mechanicaf
D6^,r i r6h6h f c

B. Section 23 05 4I, NOISE AND VIBRATION CONTROL FOR HVAC pIpING AND

EQUIPMENT: No-ise and V.b.ration RequiremenLs.

C. Section 23 A1 I1, HVAC AND PLUMBING 1NSULATION: Piping and Equipment

Insulat ion -

D. Section 23 36 00, AIR TERMINAL UNITS: Termina.l Unj-ts performance.

E. Section 23 31 00, HVAC DUCTS AND CASINGS: Duct Leakage.

TESTING, ADJUSTING, AND BALANCING EOR HVAC
23 05 93 - 1
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F.. Section 23 A9 23, DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC: Controls and

Ins t rurnentat ion Sett ings .

1.3 QUAtrrY AS SITA,AIICE

A. Refe.r Lo ArEicl-es, Qualiry Assurance and Submittals, in SacEton

23 A5 7I, COMMON WORK RESULTS FOR HVAC.

B, Qualifications:
1. TAB Aqency: The TAB agency shall be a subcontractor of the ceneral

Contlactor and shall report to and be paid by the General

Contractor.
2. The TAB agency shall be either a certified rnember of AABC or

certified by the NFBB to perforn -AB service fo.r HVAC, wace-r

'. :^nc :nd i^^ 
^f 

6^rrinm6n' .rha!o, o"r ",Y

certificatlon shall be maintained for the entire duration of duties
<np.i fi a.l hara in I f f^. rnv 16:c^n rh6 rd6n^\, I ^c6c c ,hi^-r

.erl:fi.rti.. drrrind r\ic ^6-i aa +h- /:6.6-.' .anLraCLor shal-L

lnunediately notify the PM,/COR and submit another TAB fit:n for:
I A1" r-p.^', th>i h^c haan l-ha <rrl-\ia^r ^' ,-li e- i ^l i nrrv

action by either the AABC or the NEBB within the five Vears
preceding ContracL Awarq shd-L-L noL be eligibIe Lo perform anr/ !.rork

related to the TAB. Aff work perfo.rmed in thls Section and in other
rela!.ed SecLions by Lhe TAB agency shall be considered rnval_d .j f
lhp TAR .a/IAi^v l^s6s irs cFrtific:r ion nridr t^ a-^nrr:.r .^m^la' i^nl/!fvr Lv

and the successor agency,s review shows unsatisfactory work
performed by the ptedecessor agency,

3. TAB Specialisr: The TAB specialisl sha]l be eiLher a member ol AABC

.r :-r avnariar^p.l fa.l-ni.ian of rhe A.]en.w .prfi fio.t hv NFRA .rhA

certificatioo sha11 be maintained for the entire duration of duties
sna^:lia.l l^p-arn l' tha qha^iari.r t^c6c c,,^i6-F

cercificarion during thls period, the Gereral ContracLor shall
ifrod:rr F,, -rr^ pM/coR ano submit anolher -ap
app!ovaf. Any indivioual !haL has been the subjacr ot oisciplinary
a.fi^n h\/ Airh6r fh6 ^\BC or the NEBB within the five Vears
preced.ing ConrracL Award shall nor be eligible Lo pprforn any ducies
related to Lhe HVAC syscems, including TAB. AlI work specified rn
thj-s SecLion and -in oEher relared SecEions performed by Ene TAB

specialist shalI be considered invalid if the TAB Specialist toses
il< .ariifi^.li^n ^ri^r ts^ dnd nusr be perLormed

by an approved successor.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
230s93-2
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4. TAB Specialist shalf be identified by the Generaf Contractor: with.in
60 days af!er rhe notice Lo proceed. The TAB specialisr w_l-I be

coordinating, scheduling and reporting alI TAB work and related
acLjvrLies and wiIl p!ovide necessary jnLornation as required oy Lhe

PM/COR. The respons ibiti tie s lrou1d specifically include:
a. Shall directly supervise aIl TAB work.
b. Shall sign the TAB reports that bea.r the seal of the TAB

standard, The reports shafl be accompanled by report forms and
schemalic dralrings requit:ed by the TAB standard, AABC o! NEBB.

c. WouId fol low al I TAB work through ics sdLisfactory compleL ion.
d, Shall provlde fina.l markings of settings of all HVAC adjustment

oevl-ces,

e. Permanently mark .location of duct test ports.
5. AI1 TAB technicians perfor:m1ng actual TAB work shal-1 be experienced

and nust have done satisfactory work on a min_imLrm of 3 projects
compalable in size and compfexity to this project. eualifications
must be certified by the TAB agency in lrriting.

Test Equiprnent Criteria: The instrumentation shall meet the
accuracy,/caf ibrat ion requirenents established by AABC National
Standards or by NEBB procedural Standards for Testing, Adjustlng and
Balancing of Envir.onmental Systens and instrument nanufacturer. provlde
calibration history of the instruments to be used fo! test and bafance
pur.pose.

Tab Criteria:
1. One or more of the applicable MBC, NEBB or: SMACNA pub.lications,

suppfemented by ASHRAE Handbook ,'HVAC Appticatlons', Chapter 35, and
requirements stated hereln shalf be the basis for planning,
procequles, and reports.

2. Ffow rate toferance: FolIowing toferances are atlowed. For
tolerances not mentioned herein follow ASHRAE Handbook .HVAC

Appli-cations", Chapter: 36, as a guideline, Air Filter resistance
durrng tests, artificialfy imposed if necessary, shall be at least
90 percent of finaf vaLues for pre-filters and after_fiLters.
a, Alr handfing unit and all other fans, cubic meters/min (cublc

feet per ninute); Minus 0 percent to plus 10 percent.
b. Ai! terrninal units (maximurn values): Mlnus 2 percent to plus 1O

percent.
c. Minimum outside air: 0 percent to plus 10 percent.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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d. Individual room air outlets and infets, and air flow rates not
menEioned above: Minls 2 percenl Lo plus 10 percenL except ir Lhe

air: to a space is 100 CFM or less the tolerance would be O to
plus 5 percent.

e. Chilled water :n.l .dn.laneFr LrrfA. -,,nns: O percent to plus 5

percent.
f. Chitled wate! coils: 0 percent to plus 5 percent.

3. Systems shall be adjusted for energy efficient operation as
descrlbed in PART 3.

4. Typical TAB procedures and results shalf be demonstr.ated to the
PM/COR for one air distribution system (including all fans/ three
terminal units and three rooms) and one hydronlc system (pumps and
three coils ) as follows:
a. When field TAB !.rork begins.

1.{ SI'BMITTAIS

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT

DATA, AND SAMPLES.

B. Subnlt names and quaLificat.ions of TAB agency and TAB specialists
within 60 days after the notice to proceed. subnit infor.mation on three
recently compfeted pt:ojects and a list of proposed test equipment.

C. For use by the PM/COR staff, submit one conpfete set of applicable AABC

or NEBB publicatlons that will be the basls of TAB work.
D, Submit Following for Review and Approval:

1. Design Revielr Repor:t after the system layout on air and water side
is completed by the Contractor.

2. Systerns inspection report on equipment and tnstal.lation for:
confornance with design.

3. Duct Air Leakage Test Report-
4. Systems Readiness Report.
5. Intermediate and Final TAB reports covering flow balance and

adlustments, performance tests, vibration tests and sound tests.
6. rnclude in finar reports uncorrected insta.lration deficiencies noted

du.ing TAB and appricable explanatory comments on test resufts that
differ. from design requirements.

E. Plior to request for Final Inspection, subnit completed Test and
Balance report for the area.

TESTTNG, ADJUSTING, AND BALANCING FOR HVAC
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1.5 APPLICABIE PUBIICATIONS

A. The following pubLicarions form a parr of chis speciticaLion Lo Lhe

exLenL j ndicaLed by the reference Lhereto. In cexr the publtcations are
referenced Lo by the dcronlm o' the organization.

R- AmFri.:n S.j.ipt\/ ..)f Hc:rind pafri^ar:rin^ 
'^d air.^n^iri^hlhd

Engioeers, Inc. (ASHRAE ) :

2001 .... .....,..HVAC Appfications ASHRAB Handbook, Chapter 37

TesL-1n9, Adjusring, and Balancjng and Cnaprer

47, Sound and Vlbration Control
C, Associated Air Balance Council (AABC) :

2042.... ..,.....AABC National Standards for Tota.I System

Balance
D. National Environmental Balancing Bureau (NEBB) :

7th Edition 2005 ........proceduraf Standards for Testing, Adjusting,
Balancing of Environmental Sys tems

2nd Edition 2AA6 . . ., . , - , procedural Standards for the Measurenent and

Assessment of Sound and Vlbration
2'd Edition 1999........procedural Standards for Building Systems

Commi s sioning
E. Sheet MelaI and Air: Conditioning Contractors National Association

(SMACNA) :

3'd Edition 2AO2 ....... -HVAC SYSTEMS-Te s t ing, Adjusting and Batanclng
PART 2 - PRODUCTS

2.1 PLUGS

A. Provide plastic plugs to seal hofes drilled in ductwork for test
purposes.

2.2 INSUIJq,TION REPAIR MATERIAL

A. See Section 23 A1 11, IIVAC AND PLUMBING INSULATION- provide for repair
of insufation removed or damaged for TAB work.

PART 3 - EXICUTION

3.1 GENERAL

A. Refer to TAB Criteria in Article, euality Assurance.
B. ObLain applicable conLLacL documents a1d copjes of approved submiLLals

for HVAC equj-pment and automatic control systems.
3.2 DESIGN RXVIEW REPORT

A. The TAB Specialist shall review the Contract plans and speciflcations
and advise the PM/COR of any deslgn deficiencj-es that would pl:event the
HVAC systems from effectivefy opelating in accordance vrith the sequence

TESTING, AD.JUSTING, AND BALANCING FOR HVAC
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of operation specified or prevent the effecti ve and accurace TAB oI Lhe

system. The TAB Speciatist shall provide a report individually listing
each deficiency and the corresponding p!oposed correcLive actjon
necessary for proper system operation.

3.3 SYSTEMS INSPECTION REPORT

]{. lnspecc equrpmen! and installation for conformance with deSign.
B- The lnspection and report ls to be done after air distribution

equipment is on sile and duct instaflation has bequn, but well in
dovance or perrormance testing and bafancing irork. The purpose of the
inspection is to identify and repot:t deviations fron design and ensure
that systems will be ready for TAB at the appropr:iate time.

C. Reports: Follolr check last fornat developed by AABC, NEBB or SI4ACNA,

suppLernented by natrative coroments, with emphasis on air handfing units
and fans. Check for conformance with submittals. Verify that diffuser
and register sizes are correct. Check air termlnal unit installation
incfuding their duct sizes and louting.

3.4 DUCT ATR IEAKAGE TEST REPORT

A. See paragraphs "Duct leakage Tests and Repairs,' in Section 23 31 00,
HVAC DUCTS AND CASINGS for TAB agency/ s rofe and responsibilities in
witnessing, recotding and reporting of deficiencies.

3.5 SYSTEM READTNESS REPORT

A. lnspect each Systen to ensure that it is compfete including
instal.Lation and operation of controfs.

B, Velify that all items such as ductirork piplng, por:ts, termlnafs,
connectors, etc,i that is required for TAB ate installed. provide a

report to the PMICOR.

3.5 TAB REPORTS

A. Submit an intermediate report for mlnimum of 50 percent of systems and
equlpnent tested and ba.lanced to establish satisfactory test results,

B. The TAB contractor shal1 pr.ovide raw data immediately in writing to the
PM/COR if there j-s a probfem in achieving intended results before
submitting a formal report.

C. 1f ove! 20 percent of readings in the intermediate report fall outside
the acceptable range, the TAB report shafl be consider.ed invarid and
afl contract TAB iroik shall be repeated and re_submitted for approval,

D. Do not proceed with the rernaining systems uni:il intermediate report is
approved by the PM/COR -

TESTING, AD.]USTING, AND BALANCING FOR HVAC
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3.7 TAB PROCEDT'RIS

a T5H cL.r- h^ ^6rF^rmed in accordance witn Lh^ -6rI: ra.a.r -f -h6

Standard under which TAB agency is certified by either AABC or NEBB.

B. General: During TAB alf related system components sha1l be in fulf
nnFr,rf i^n Fe. ,..i ,< :n.l a^,,i ^ma.r ,,ihr:r-i^hPUIrP !vroLrvrr,

shafl be checked and corrected as necessary before proceeoing with TAB.

Set controls and/or o-ock ofr parLs of drstribution sysLems to stnulate
A6ci^r ^-6---r^^ ^F variable volurne air o! wa-c- r^r fas. )-,
balance worak.

C. Coordinate TAB procedures with any phased construction conpletion
requtremenLs for the projecL. Provioe TAB reports Lor each phaSe oI tne
prolect prror Lo partial final inspec!ions oF each phase of the
proj ect .

D. ALlor.r sufficient time in construction schedule fot TAB and submission
of aIf reporLs for an organized and Limely correcLion ot oeLic-Lencjes.

E. Aj-r Balance and Equipment Test: Include ait handting untts, fans,
terminaf units, fan coil units, room diffusers/outlets/infets.
1. Artificially -Load ajr fi-Lters by pa.rtial blanking to produce ai!

pressure drop of at least 90 percent of the design final pressule
drop .

2. Adjust fan speeds to provide design air f]ovr. V-be1t drives,
including fixed pitch pulley requirements, are specified in Section
23 A5 11, COMMON WORK RESULTS EOR HVAC.

3. Test and balance systems in aIl specified modes of operatlon,
including vatiable volume, economizer, and fire emergency modes.
Ve!ify that dampers and other controls function properly.

4. Record final measurements for air handl-ing equipment pelformance
data sheets.

3.8 VIBRATION TESTING

A. Furnlsh instruments and perform vibration measurenents as specified in
Section 23 A5 41, NOISE AND VIBRATION CONTROL FOR HVAC pIpING AND

EQUIPMENT. FieId vibratlon batancinq is specified in Section 23 O5 11,
COMMON WORK RESULTS FOR HVAC, provide measurements for all rotating
HVAC equipr0ent of 373 watts (1/2 horsepower) and larger, inctuding
r^f: rr, :nd ---s"" !vinpressors, pumps, fans and motors.

B. Record initial measurements for each unit of equipment on test forms
and submit a report to the PM,/COR. Where vibration readings exceed the
aflowable to.lerance Contractor shalI be directed to correct the

TESTING, AD.]USTING, AND BALANClNG EOR HVAC
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problen. The TAB agency shafl verr-fy that the corrections are done and

submit a final report to the PM,/COR.

3.9 SOI'ND TESTTNG

A. Perform and t:ecord required sound measurenents in accordance with
Paragraph. QUALITY ASSURANCE in Section 23 05 4I, NOTSE AND VIBRATION

CONTROL FOR HVAC PIPING AND EQUIPMENT,

B. Take measurements with a callbrated sound levef meter and octave band
analyzer of the accuracy requir.ed by AABC or NEBB.

c. sound reference revers, for.mufas and coefficients shalr be according to
ASHRAE Handbook, ,,HVAC Appt,j.cations',, Chapter 46, SOUND AND VIBRATION

CONTROL.

D. Deternine conpliance nith specifications as follows:
1. When sound pressure 1eve1s are specified, including the NC Criter.la

rn Section 23 05 4I, NOISE AND VIBRATION coNTRoL FoR HVAC PIPING ANIJ

EQUIPMENT:

a. Reduce the background noise as much as possible by shutting off
unt:efated audibfe equipment.

b. Measure octave band sound pressure Levels !!ith specified
equipment ,'off .',

c. Measure octave band sound pressure 1eve1s with specified
equipment ',on. "

d. Use the DIFFERENCE in corresponding readinqs to determine the
sound pressure due to equipnent.

DIFFERENCE: 0 l 2 3 4 5 to 9 10 or More

FACTOR: 10 1 4 3 2 1 0

Sound pressure level due to equipment equals sound pressuLe feve.I
with equipment "on" minus FACTOR.

e. Plot octave bands of sound pressure levef due to equipment for
typical roons on a graph which also shows noise criteria (NC)

curves.
2. When sound po$/er fevefs are specified:

a. Perforrn steps 1.a. thru 1.d,, as above.
b. For indoor equipment: Determine room attenuating effect, i,e.,

difference between sound por.rer feveL and sound ptessure _Level.
Determined sound power fevel will be the sum of sound pressure
]eve.l due to equipment plus the room attenuating effect.

TESTING, ADJUSTING, AND BALANCTNG FOR HVAC
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c. For outdoot equipment: Use directivity factor and distance florn
noise source to detetmine distance factor, i.e,, difference
between sound power leve1 and sound pressure level. Measured
sound power leve1 wilt be the sum of sound pressure levef due to
equipment plus lhe distance factor. Use // 10 meter.s (30 feet) zz

13 meters (40 feet) // 16 meters (50 feet) // for sound level
focation.

E. Vlhere measuled sound fevels exceed specified leve], the instafling
conlracto! or equapment manufacturer shalf take remediaf action
approved by the PM/COR and the necessary sound tests shafl be repeated.

3.10 MARKING OF SETTINGS

A. Following approval of Tab finaf Report, the setting of alf HVAC

adjustment devices including valves, splitters and dampers shall be
permanently marked by the TAB Special-ist so that adjustment can be
lestored if disturbed at any time. Style and colors used for markings
shal1 be coordinated with the PM,/COR.

3.11 IDENTTFICATION OF TEST PORTS

A. The TAB Specialist shal1 permanently and legibly identify the location
points of duct test ports. If the ductlrork has exterior insufation, the
identification sha.Il be made on the exterior side of the insulation.
Aff penetrations through ductlrork and ductwork insuration shal.l be
seafed to prevent ai:r leaks and rnaintain integlity of vapor barrier.

---END---

TESTING, ADJUST]NG, AND BALANCING FOR
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SECTION 23 01 LL
I{VAC AND PI,UMBING INSUI,ATION

PART 1 - GENER,AI

1.1 DESCRIPTION

A. FieId applied insulation for thermal efficiency and condensation
control for
I. HVAC piping, ductlrork ano equipmenL.

2, Plulltoing piping and equipnen!.
B. De fini tions

1. ASJ: AlI service jacket, white finish facing or. jacket.
2. Air condirjoned space: Space having air cemperaLure and,o.L humidity

controlled by mechan i ca 1 equ-Lpmenc.

3. Cold: Equipment, ducterork or piping handling media at design
temperature of 16 degr.ees C (60 deglees F) or below-

4. Conced'ed: Ductwork and pjping above ceiljngs ano in chaSeS and prpe

spaces .

5. Exposed: Piping, ductwork, and equipment exposed to view in finished
areas includino mecndnicar, and elecLrical equ-pmenL -coors or
exposed to outdoor weather- Attics and crawl spaces Lrhere air
handfing units are located are considered to be mechanical loorns.
ShafLs, chases unfinished aLLics, crawl spaces and pipe basemenLs

are not considered finished areas.
6. FSK: Foil-scrirn-kraft facing.
7. Hot: HVAC Ductwork handting air at design temperature above 16

degrees C (60 degrees F) ; HVAC and plumbing equipment or prpiog
handling media above 41 degrees C (105 degrees F)

8. Density: kglm3 - kilograms per cubic meter (pcf - pounds per cublc
foot ) .

9. Runouts: Branch pipe connections up to 2 5-run (one-lnch) nominal size
to fan coil units or reheat coils for terminal units.

10, Thermal conductance: Heat flow rate through materials.
a. Flat surface: Watt per square meter (BTU per: hour per square

f oot ) ,

b. Pipe or Cylinder: Watt per square meter {BTU per hour per l-Lnear

foot).
11.. Thermaf Conductiv.rty (k) : Watt per meter, per degree C (BTU per inch

chickness, per hour, per sq.tare Ioot, per degree F Lemperarure
difference).

HVAC AND PLUMBING INSULATI ON
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12. R: Pump recirculation.
13. CW: Cold water.
1,4, SW: Sof t wate:r.

15. tlw: Hot water.
16. CH: Chill-ed r./ater supply.
17. CHR: Chilled water return.
18. RS: Refrigerant suction.
19. PVDC: Polyvinyl idene ch-Lorjde vapor reEarder jacketing, wh-iLe.

1.2 REI,ATED WORK

A. Section 23 05 17, COMMON WORK RESULTS FOR HVAC: General mechanical

requirements and items, which ar.e conunon to more than one section of
Division 23,

B- Section 23 23 40, REFRIGERANT PTPING: Requirements for refrlgerant
ni ni n^ rnrl f if i-in^c

C. Section 23 21 13, HYDRONIC PIPING

D. Sectj-on 23 31 00, HVAC DUCTS AND CASINGS: Ductwork, plenum and

fittings.
1.3 QUAI,ITY ASSUR,ANCE

A. Refer to article QUALITY ASSURANCE, in Section 23 A5 11, COMMON l"lORK

RESULTS FOR HVAC.

B, Criterla:
1. Comply with NFPA 90A, particularly paragraphs 4.3.3.1 through

4.3.3.6, 4.3.I4.2.6, and 5.4.6.4:
2. Test methods: ASTM 884. tJL '723, at NFPA 255.

3. Specifred k facLors are al 24 degrees C (r5 deqrees Fr mean

Lenpe.rature unfess s!.ated otherwrse. Where opLional Lherra.L

.insulation materiaf is used, se.Lect thickness to provlde Lhe.LmdI

conductance no greater !han chaf, for the specif ied maLe.r-ia-1 . For

pipe, use insulation manufacLurer,s pub-Lished hedt flor.r tab-es. For

domestic hot water supply and return, run out insufation and

condensation control .Lnsular :on, no chickness ddjustment need oe

maoe .

4. AIf materials shall be cornpatible and suitable for service
temperature, and shafl not contribute to corrosion or otheLwise
aLtack surface to which app-1ed in e_Lhe.r the we- or dry s!ate.

C. Every package or. standard container of insufation or accessories

^6'r,,6,6n -^ -}16 i^5 Sjte for Jse musL haVe a -rarrrr:. ctrnn oy

HVAC AND PLUMBING INSULATION
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label g-iv-ing Ehe name ot Lhe manufacturer and description of Lhe

mate rial -

1.4 SUBMITTAIS

A. Submit in accordance with Section AI 33 23, SHOP DRAWINGS, PRODUCT

DATA/ AND SAMPLES.

B. Shop Drawings:

1. A1l information, clearly presented, shafl be inc.luded to deternine
compliance with drawi 1gs and specifications and ASTM, federal and

n: I ir er' qna.r F: :a! I ons.

a. Insulation mate.rlaLs: Specify each type used and state surface
h|rn i.. .l^^,a:reri sL :cs.

b. Tnsulacion facings and jackets: Fach type used. Make iL clear
that white finish wiLL be furnished for exposed ductwork, casirgs
r n.l a^'r i hhan r

c. Insufation accessory materials: Each type used.

d. Manufacturer's rnsLa.Lla!.lon and fitting Iab-c-caL j-on -nstruct-Lons
for ffexible unice1lular insu.lation.

e, Make refe!ence Lo app-ticdble specification parag.raph numbers for
coordination.

1.5 STOR,AGE AND IIANDLING OF MATERIAI

Store maLerrafs -in c-Lean and dry environmenr, pipe coverinq jackers
shall be cfean and unmarred. Place adhesives in originaf containers.
Main!ain ambient tenperatures and condiL Lons as requLred by pl inted
instructions of manufacturers of adhesives, mastlcs and finishing
cenents.

1.6 APPLICABLE PT'BLICATIONS

A Thp nrrbli.,rri.lns lista.l hF 
^w 

f^rm : n:rr ^f rhie ena.ifi.:ri^n f^ rha

exlenL relerenced. The publicaEions are !eferenced jn rhe rext by basic
.16<i^n.ri^n 

^.1v

B. Federd I Specif jcac-ions rFed. Spec,):
L-P-535E ( 3 ) - 9 9 . . . . . . . . - P f a s t i c Sheet (Sheeting): Plastic Strip,' Poly

(Viny1 Chfolide) and Pofy (Vinyl Ch.loride -
Vinyf Acetate), Rigid.

C Milir>rw Snc.ifi.^ri.ns rMil c^a^ 1.

MIL-A-3316C (2)-9A......Adhesives, Fire-Resistant, Thelmaf InsulaLron
MIL-A-24179A 12) -9I. .. . .Adheslve, Flexibf e Unlceltufar-Pfastic Thermal

Insulation

HVAC AND PLUMBING INSULATI ON
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MIL-C-19565C (1)-BB.....Coating compounds, Thernal lnsulation, Flre-and
Water-Resistant, Vapor-Bar: r ie r

MIL-C-20079H-8'7 . . . . . . .. .Cfoth, Glass; Tape, Textil-e Glass; and Thr.ead,

G.las s and Wire-Reinforced GIass

D. American Society for Testing and MaLeriaLs (ASTMJ:

A167-04. .......,StandaId Specification for Stainless and

Heat -Pesisting Chronium-Nickel Sleal PldLe,

Sheet, and Strip
B2A9-A'7. . . . . . . . . Standard Specification for Aluminum and

A-[umj num-A.l]oy SleeL and P]ate
C411-05. . . . . . , , . Standard test method for Hot-Surface

Pa' !^rnan.6 ^f H i/rL--arDeraLUre lhermal

Insulation
C449-0'7. .......,Standa.rd Specification for Minera] Fiber

Hydrau-Lic-Setti ng Thermal TnsulaLinq and

Flnishing Cement

C534-08. , . . . . . . . standard Specificatron for Preformed Flexible
Elastoneric Celfular Ther.roal Insulation in
Sheet and Tubular. Forro

C547-07. . . . . . . . . S L a n d a r d Specii-icaL-ion fo! Minerdt F'ber pipe

InsuLation
C552-A'l . . . . . . . . . standard Specification for Ce1lular Gfass

Thermaf I nsu lat ion
C553-08. , . . . . . . . S t a n d a r d Specification for Mineral Fiber.

Blanket Thermal Insulation for Connercial and

Industrial Applicat lons

C585-90, . . . . . . . . Standard Practice for Inner and outer Diameters

^. arird Tl^arr.- rc.rl:taon fo.r Nomindl SizeS

of Prpe and Tubing (NPS System) R f2004)

C6I2-44. ,,......Standard Specification for Mineral Fiber Block

and Board Thermal lnsu 1at ion
C7I26-44. .......Standard Specrfication for Faced or Unfaced

Rigid cellular Phenolic Thermal Insulation
C1136-08. ...,...Standard Specification for Flexibfe, Low

p^"16:n.a V:n^r c6t^-.lars for Thermal

Tnsulation
D1558-9la (2006) ........Standard Specii i.at ior Lor GIdss fabr:cs (Woven

and TredLed) for Roof ing and l,,la-erprool Inq

HVAC AND PLUMBING INSULATI ON
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EB4-09.. . . . . . . . . Standard Test Method for Surface Burning
Characteristics of Building Maler iaf s

8119-08. . . . , . . . . Standard Test Method for Fire Tests of Buildillg
Construction and Materials

E136-09. . . . , . . . . Standard Test Methods for Behavior of MateIiais
ln a Vertical Tube Furnace ar 150 degrees C

(1380 F)

E- Natlonal Fire Protection Association (NFPA) :

90A-08.. Installation of Air. Condltioning and

Ventifating Sys tems

101-08.. ......-.Life Safety Code

251,-06.. . , . . . . . . Standar.d nethods of Tests of Flre Endu.rance of
Buj lding ConsLructi on \4ater-La-Ls

255-06.. ....,.,.Standard Method of tests of Surface Burning
Characteristics of Building Materiafs

F. Under!.iritet:s Laborator:ies, Inc (UL) :

'723..... - - -.....UL Standard for Safety Test for Surface Burnrrrg
CharacLeri strcs of BLi.Lding Mate!ials wiLh

Revision ot 09 /AB

G. Manufacture!'s Standardization Society of the Valve and Fitting
Industry (MSS ) :

SP58-2002. ......Pipe Hangers and Supports Materj-a.Is, Des.rgn,

and Manu facture
PART 2 - PRODUCTS

2.1 MTNER,AL FIBER

A. ASTM C612 (Board, Block), Class I or 2, k: 0.031 !,iatr per meter, per
degree C (0.26), external insulation for temperatures up to 204 degrees
C (400 degrees F).

B. ASTM C553 (Blanket, Flexible) Type I, Ctass B-5, Density 32 kg/n3 (2

pcf), k = 0.04 (A-2'7), for use aL temperatures up lo 204 degrees C (4OO

degrees F)

C. ASTM C547 (Pipe Fitting Insulation and pleformed pipe Iosulation),
Cfass 1, k: 0.037 1A.26) far use at temperatur:es 230 degrees C (450

degrees F) .

2 .2 MTNER,A'. WOOL OR REER,ACTORY FIBER

A. Comply r"ith SLdndard ASTM C612, CLass 3, 450 deg!ees C rB50 degrees F) .

HVAC AND PLUMBING INSULAT ION
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2.3 RIGID CELLUI.AR PIIENOLIC FOAM

A, Preformed (moldedJ pipe rnsuLacion, ASTM C1126, Lype tTT, qrade 1, k =

0.021i0.151, for Le(peratures up to 121 degrees C (250 degrees F) w-Lh

vrn^- -a-:rdFr 
^r.t 

r|] se-rr'.6 :e^La- wi rl^ n-tvv:i,, .1 11r:.la nya1l.rded

fii +in- ^^\,dr i n^

B. Equipment and Duct Insufation, ASTM C 1126, type II, grade 1, k = 0.021
(0.15), for tenpe.aLures Jp Lo 1.21. degrees C (250 deqrees F) wiLh rigio
.al l r':- nl'ar^l :. '.rsIl:ri.)n an.l .^varind Ardar ^n.l :l l

service j acket.
2.{ CELLUI.AR GI,ASS CLOSED-CELL

A. Comp]y with Standard ASTM C1?7, C518, density 12A kq/m3 (7.5 pcf)
nonina.l, k = 0.033 (0.29) at 0 degrees C (75 degrees F) .

B. Pipe insulation for temperatures up to 200 degrees C (400 degrees F) .

2.5 POIYISOCYANURATE CI.OSED-CELL RIGID

A. Prefor:med (fabricaredl pipe insu-LaLion, ASTM C591, type tV,
K=0.021 (0.19), for Lse at renperatures up -o 149 degree C 1300 degree
F\ ,..i -}] r^^+^r,, ---Iied pvDc or afl service i:.I,at ,/:r^f .ar^..lpr wi_r-

ndl\/vin\/l .hl^rida nram^l.l6d frrri.^ ^^\/6.c

B. Equipment and ducL insulaLLon, ASTM C 591,Lype .LV, K=A-A2'7 (0.19), for
use at temperatures up to 149 degrees C (300 degrees F) lrith PVDC or
i1I sar!,i.a i:clrer w:nnr rat:r^6r i:^L6i-

2.6 FLEXIBLE EI,ASTOMERTC CELI.UI,AR THERMAL

A. ASTM CL'7'7, C'IB, k = 0.039 watt per. meter, per degree C \A.2'7), at 24

n6-r66c ^ /_7q, n^^?-ac F. l:16 c^16.t .^, \,/ar ^5 s*. l,- la,,a'r-a.t n.LJyrceu lvr rLLw^s uqvsrvPeu Lrr

over 50, for tempe.Larures from rninus 4 degrees C (40 degrees F) Lo 93

degrees C (200 degrees F) . No jacket required.
2.? INSUI.ATION FACINGS AND .'ACKETS

A. Vapor Retarder, higher s! rength wirh -Low waLer perneance 0.02 or .Less

D6r-!, ^unccure 50 unics for ins r':ti^. f .r.,
__ - --- -r.l F.lrinmchf >n^ l-^r .i^6 ine,,l:ri^h i:.L6reedJrIv- drrq \yurrJ-'.c'.L, o.'u !v- p-t,L

Eacings and jackers sha-L-L be dII service Lype (ASJ) or pVDC Vapor

Paf: r.la r i r.lz6t i n^

B, ASJ jacket shaLl be white kraft bonded to 0.025 nnn (1 mil) thick
aluninum foil, fiberglass reinforced, with pressure sensltive adhesive
closure. Comply r./ith ASTM C1136. Beach puncture 5 units, Suitable for
painting w-ichout s:zing. JackeLs shall have r.r_mum 40 mnl {1-l z2 inch)
lap on longitudina- join!s and minlmun 100 mn1 (4 -inch) buEr srrtp on

end joints. Butt stiip mater.ial sha11 be same as the jacket. Lap and

HVAC AND PLUMBING l NSULAT I ON

23 A1 1I-6



05-10

hrff sfrins sh:ll ha <alf-ea:1 .^ r vn6 Lriih r.^l^r,,-:^^li6d nraee,,16

sensitive adhesive.
C V^6.rr Rer^r.iar mc.lii- -" 6 ^r n n)

or less perm rati-rg), Beach puncLu.re 25 uniLs: Foil-Scrim-Krafr (FSX)

t6y :?^16+:Fr _,,^_ f^y ^...tCeaIed ductwor( and

adiri nmah t

D, GIass CIoth JackeLs: Presized, mintmun 0.lB kg per square rneLer r?.8

ounces per square yard) , 2000 kPa 1300 psig) bursring strpngrh wtfh
rnte.tr.r i .r..Jar whera rpd,,i ra.l P Lvv! r!

uLi I ized for outside service,
F. F:.I nr\/ .oflrnncirc m^ia.i.la m:\, ha ',aa.l ^.^u 

dad rh:r , h6\, h:!,6 ha6h

!ested and cercifieo by rhe nanJtacLurer.
F pino filr in.r inqrl:ri.n .^varihd ri..lzarei F irrin^ -^\/6r in^ eh:l l F.^

nrpml)l.la.l r.1 mar.h <h^na 
^f 

Firrrhd...l eh.ll r-,6 n^l\,\,i^\,1 ^hl^',,-.j6
/p\7a) ..nt-rnin^ -- fa.l Snp. L-p-ff5 .^mn^eiri^n A r\/^a IT -r:^a r:Tl

and Type IfI, minimum thickness 0.7 run (0.03 inches). Pr:ovide color
r.lar nrae.',ra c6nci I i r,6 r:nrdrclrrrg vdP()r reLd, __..--_-. _ . )pe.

G, Afuminum JackeL-Piping syscems and ci.rcular breeching ano stacks: ASTM

F?nq ?nn1 .l'^', u-1r' rpmnor n 6 mh 1n n2l :n^h1 minim,,m rhi-Ln6cc

lrith locklng fongirudrral joinrs. Jackets Lo! e.Lbows, -ees and otner
firrin.rs sn:ll l-'e fr.f^rw-f:hri^:rad '^ mrl^h chrn6 ^f ririin^:h^ ^r

0.6 mm (0.024) inch mininurn thickness aluminurn. Eittings shall be of
same construction as straight run jackets but need not be of the same

a11oy. Factory-fab.ricated stainless steel bands shal1 be installed or,

all circumferentiaf joints. Bands shall be 20 mm (0.75 inch) wide on

450 rtun (18 inch) cenLers, Sysren shalI be wea!.herprool iL uLrlized for
outside service.

H, Afuminum jackeE-RecLangular breechrng: ASTM B209, 3003 a.LLoy, H-14

ternper., 0.5 nm (0.020 inches) thick Nith 32 run (1-1,/4 inch)
cor.rugaLions or 0.8 nn (0.032 inches) Lhick wtth no corrLgations.
System shal1 be wedLherproof it used for outsioe service.

2.8 PIPE CO\ARING PROTECTION SADDLES

A a^'d.ina < n-^rf. pram6l.la.l nino in<rrl:fi^. rRn ^a^raac /h:la-<h6llc\

\.1{ ^, -:nF rt sr.n- lrfe M>-o-:1 .hall )-a -all rl:r /j :c. ^!
high dens-ty PolyisocyanLrate insLrlaLion of the same rhickness as

adjacenL insularion. Density or polyisocyanuraLe insulaLion sha-LI be a

mlnimum of 4B kgzm l'1 .O pcfr.

HVAC AND PLUMBING INSULAT I ON
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Nominal Pipe Size

NominaL Pipe S.i ze ftn

Up through 125

and Acces sorie s

(inches )

{s)

Material (Inser.t Blocks )

Tneari Al ^-Lc mm / i n-h6c 1

150 (6) long

B lrJ:rm 
^r 

h.f ninc p.6m^l.16rl ni^a '^e' l.r i^n /len .16^,6a hrlF-

shells) on botaom hall of pipe aL supporls. MaLerial shall be nigh
.lensif\/ Pol \/is6.vahr,r>r a /r^r famhArrr,,ra< 1,n r^ l/q.16^.66e a llnn

dadracs Fl).cllrl:r dlA<e Th<,, 1:ti^.:r- c"^6^/tc ahrll hr,/6 <.m6

fhi.kncss :s ,.li:.e.1 in<,,lati^h naneir\7 ^t F^lvi

j-nsulation shal1 be a minimum of 48 kg,h' (3.0 pcf) .

2.9 ADHESTVE, !.{AgTrC, CEMENT

A. Mi1. Spec. M.LL-A-3316, C-ass l: Jacke! and lap adhes-ve dro proEecL-LVe
rir,sh .._. ind fnr tnsLrlaLion.

B. Mil. Spec. MIL-A-3316, ..Lass 2: Adhesive lor Iaps and for adhering
i"nsufation to meta.l surfaces.

C. Mif, Spec. I4IL-A-241,'79, fype TI Class l: Adhesive tor jnsLa. rrng

flexible unicel-lular insulation and for faps and genet al use.

D. Mi1. Spec. M.LL-C-19565, Type T: Protecrj.ve finish for ouLdoor use.
F 14i l qne. MTT-C-1qq65 Tvna T ^r T\,^6 ll \/.^^r hrrri6r -^m^^,,n.l f^.

i-ndoor use.

F. ASTM C449: 14ineraf frber hydraulic-setcing therma I jns.rldL.ng and

f ini ahin^ -am6hf

G. Other: lnsuLation nanufacturersr published recommendations .

2.10 MECHANICAI, FASTEMRS

A. Pins/ anchors: i,le]ded pins, or metaf or nylon anchors with tin-coated

^/'ih6- 
wr<l^a* 

^-.1i6< 
Pin .li:marar eh:ll ha:e /6.^mm6.d6.l hv rhL

insufation nanufacturer.
El c-in- 6c. r,..,r'-4 --i^^\i- ! a.F6t ^r -' .r -r ^-S SLeef.

C, l,flire: 1.3 run thick (18 gaqe) soft annealed gafvanized or 1.9 mm (14

d:.ral .nn.)Fr .l:.-l sfcal 
^r 

ni.kal .^nhar :1 1..- - -)Y'
D, Bands: 20 nrr, l3/4 inch) noninal width, brass, galvanj zed sreel,

aluminum or. stainless steef,
2.11 RE INFORCEMENT AND FINISHES

A. GIass fabric, open !.reave: ASTI4 Dl66B, lype lIl {resin rreared) and lype
T /.e^h:It tra:la/l1

B. GIass liber f -lttj-ng tape: Mi1. Spec MTL-C-200?9, Type I1, Class 1.
. T.no r^r L-^v:h-6 FldSLoneriC Cel lL,lar InSLrlc,,.n. a\ rp..Traada^ h.,

the insulation manufacturer,

HVAC AND PLUMB]NG ]NSULAT I ON
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D HayAddn: I ki ra nel-rinn. )q mh r^n6 in^hi m6ch n 9\ hm t^i.. t2? d^^e\

^rl rrrni ?a/l <f661

E, Corner beads: 50 nun (2 inchr by 50 mnr (2 inch), 0.55 rur th'ck i26 gage)

galvani zed sleef; or, 25 mm rl inchj by 25 mjn (l inchr, 0.4/ rrun Lnick
(28 gage) aluminum angle adhered co 50 run (2 inch) by 50 m,'n (2 inch)
iaY. f l- h:h6r

F Dl/a fittind .^ltar. F6.l qn6^ T-D-q?q a^mn^ci ri^n A 11-Qh 'T17^6 T T

ar:da rlll u'ith F^rm R Mi^6rrl Fih6r inc6rr t^r ma.li: 16mn6r:t,,/6 I

.lAdraA< e IAO .l6drd6< Fl f^ I )l d6dr66c a /?6n da^.aae l., Ral^L' 4

dadraa< C /4O .ladra6< Fi :h.l rr^'^va lrl 
^a^raac 

a /)\n 
^6^166e 

F)

Provide double layer inserL, Provide co-tor maLching vapor barr-Ler
ean<i r i va t. - :ape.

2. 12 FIRESTOPPING }.IATERTAI

A othar rh=- ninF :1.1 ,l r.r rrsrl:ii^. Section 0/ 84 00

FIRESTOPPING.

2 .13 FI,A},48 AND SMOKE

A. Unless shown oEherwi se a-LI assembfed sysLems shall meec flam- spread 25

..d <m^ka .laltal^ha.l qn rrrih^ ic /{d!'6 1^^6^ ',^^6. acTM NItrDA :n/l rll

ef:n.l:i.le :n.l ena.ifi.:r i^ne q66 h:r:^7r^h I 1 tr.l,,rI irv Acc,,rrn-arl

PART 3 - E'{ECUTION

3.1 GENERAL REQUIREMENTS

^,.._ !n.r h:^irl r^intS and connectiors shaII
l^,4 .^mnlara.l :n.l rha u'^rk :n^.^r?a.l h\, rha p6ei.r6hf FhdiFA6r f^r

appl icacion of insulaLion. Surface shall be c.Lean and dry with all
..'fa rrn f :-Fri.r. q. e r.t^ :s .ri r- ^: I t.^.a scale and rusL renoved.

R Fv.anr f^r q.a.ifi. ay.anti^hc ihc!,1:ra 6.1i.6 <^6^i' iad 6^,'i^m6nr

nihind /nr6a firl ind< v:lvae :..a<e^riael :h.l d,,^r

Tner 1:ra a:.h nina :^d ^,,-i- ihAlvrd,,:l l\7 n^ h^1-

insulatlon where a full length section wilf fit.
C. InsuLation materials shall be installed in a fir.st class manner: lrith

smooEh and even surfaces, wiLh jacKeLs and facings d-rahin t-gnt and

smoo!.hly cemented down aL all laps. Tnsulation shal I be continuous
Lhrough all sfeeves and openrngs, except ar fire dampers and duct

heaLers (NFPA 90A). Vapor reLarders shdLl be conLinuous dnd

rrhi nrorrilnt a.l fhr^rldh^rr1 .\,<i-6mc L'i r^ ^n6rrr i nd 16 ^6^y^6c

C (60 degrees F) end below. Lap and seal vapor batrier over e.1os and

a!n^.a.j a.l.rps of : -c, - i ^- -,.r^- rls and oLher meLa I

HVAC AND PLUMBING INSULAT I ON
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projections through insulation on cofd surfaces shall be insulated and

vapor sealed for a mininLrn -Length of 150 mn {6 inches).
Install vapor stops at all insulatlon terminations on either side of

:- --,:i ^hr l an^, hc ^Fd u cau,IJ,,elL d"u l)dr Lreurd!fy

^i ^6 
i nc,rl.i i^n

f-^hcl-rr).t insrrlat i^n ^f 6^,rinm6nr a,1-h :c ^hi I l6A Lr:i-6r h,rh^c

and heads of chillers, convertors and heat exchangers that must be

opened periodically for maintenance or repair, so insulation can be

removed and replaced wiLhouE damage. -LnsLall insu-Lation wiLh bo-Lred 1

nm Lhick (20 gage) galvdnized steel or aluminum covers as corp.eLe
irnif s .r in <c.fidhs wirh :l l <"^6^ri e :n,'] enli, r^

t^^tr 
^t 

rha 6^,,ihm6hl.PrrL u, ..,s s(tui!,,.s,.-.

Tnsrlar inn on hnf .inind :n.l 6^,,i^m6nr <h.l I l-16 ra._rmt na-Po square a!
items nor Eo be insu-Laced, access openings and namepla!es. Cover aI_L

exposed rav? insulation with white seaLer or jacket material .

ProtecL afl insularrons oulside of buildirgs !rlEh a-Luminum jackeL using
l^.L i^inr 

^. ^rhar 
:^^,^rr6d cucf6h r^/ : ^^h' i.i,^,^sPPruvcw Jyrlqrtr rv! wcdllEr LrgrrL

syslem. Access doors and ocher items requiring malntenance or access

shall be removable and seaLable.
HVAC work not to be insuLated:
1. Tncernalfy insulaLed ductwork and ai-r handling unirs.
2 RAliAf :ir d,.re rF.^^^mi1ar -\,-16 6wh:',cr- :ir

3. Exhaust air ducts and pfenums, and ventilation exhaust air shafts.
4 Tn hor r)itrind: Ilnione flavihla .^nna.1-^r< .^h1 /^l vrlUA< Da\/e

c. far \r \r.lrra< :n.l 
^ic^h--^^

q"e e,rLrro!9- vs"L p,l,,,,9. lJf|Jf'rv '

approximaLely 75 mrn (3 inches) of uninsuldLed i!ems.
P-Iumbing work not to be insufated:
1 Pinind:nd ir^l vae 

^f 
fi.^ nr^ro-ri^n c'er6m

? ahr^hi,,m h1.t 6.1 hr:cc-, ,-- pr-plnq.

3. WaLer piping in contacL wi!h earth.
4 pinin^ in bi na h:e6ma L,r I I h\//l/-n, c

5. Small horizontaf cold water branch runs in pal:titj-ons to individuat
fixtures may be wiLhour insularion for maximum discance of qO0 m,m (3

Ann-v 'r"trl ari:1c c',^j6^- +^ -ha Err,.f:^-UTer'S reconnended
ramncral rra limir< Annl\/ :/lh6ci!,oc m:er i- rna ^^.. i-.-v,aLfrr9J oL LLrc

manufacturer's reconnended minimum coverage.

HVAC AND PLUMBING INSULATION
23 0? 11 - 10

J.



K.

L.

M

3.2 INSUI,ATION INSTAII,ATION

A. Mineral Eibe! Board:

N.

05-10

E]bor./s, flanges and other fittings shaII be insulated with the same

material as is used on the pipe straights. The e1bow,/ fitLing
insularion shall be f-iel-d-fabricated, miLered or facLory prefabricared
f^ rh6 n6^6e..r\, <i 76 rr^ ^r!-^ '/ fi I t ihd ll<a 

^fq'.v J"aPs !rrlfr,9. vrs vr

pofyurethane spray-foam to riIl a PVC elbow iackec is prohibrLed on

^^l A :nn I i-:ri^n<

Fi .aq".|n pi nF in.i \'..t iasulacion:

I. Provide firestoppjng insulation at fire and srnoke oarriers Lhrough

nprai',r, i.ins in< rl:f:..1 c\:l ha UL l.Lsred as defrnes
in s-^t io.r n7 R4 nn. FTRESTOPPING.

? piha :nd drr.r nanafr:fi^h. 16^rri /ih^ fi ra <f^n i- - _

r,rL f uuf,19 ,

but not linited to the following:
: PinF ricars -hr^ ^\ lloors
h pjna nr drr^- .\:sa waIIs and f_Loors

- qh^La n:r!'ifi^n<

d Fi ra n:rfi ti^he

Fraa,a nr^l-6.ti^n 
^f 

:h^\,a 
^rrda ^,,rrl^^/ ^,^in^ 

r^var ha.l t /:.in^

f:n61. 2n mm ln ?5 ih.h6c ' * _ I 
^ih6 

<i7ae l5 mmLdP= I . Lw

/1 in^hae\ .nd <n.ll-r rnA rq mm ri ih-F\ rhi^L inc,,l:ri^n r^r l:rd6r

nina. pr^vr.lF mptn ia.l,a-s .^- al I .inac Pr-,',,.1e .[or chilled warer

^i^in^ rc .16c^ril.'a^ r^ C6^' i^n ,? ,l I ? UVnDr]Nlla Dr DlNl/: ,61--tyi-rl

ha.l f r:^i n^ <\,cl_Am<\

pr^vi.16 .ratil i,i^1,6-c ^var tnsulation as fol lows:

1. AII piping and ducts exposed Eo outdoor weather.
? Di^in^ avh^ead in h,,ilAin^ L'irhin Tnnn mm '6 +66rr ^r rha fl^^/

rhat connecLs to sterilize.rs, kiLchen and laundry equrpmenc. Jackets

may be applied with pop riveLs. Provide aluminum angle !ing
escutcheons at !,Jaf f , ceiling or ffoor penetrations.

3. A 50 nTrn {2 j.nch) overlap j-s required ar longrrudinal and

-i r^',mfara.l i.l i^in]. c

1 F:.ad h^a/d. Ahnlv l_\^:.d ^n ^i^< .^.^A.l n^l m^/6 lh.n lnn mm rl,

inches) on center each way, and not Less chan 15 mm 13 inches) from
a:.h a.lda 

^f 
b^:rd T. ..liiri^n r^ 

^i^e 
a^nlv inc,,lrri^n h^^din^

adhesive to entlre underside of horizontal metaf surfaces. Butt
ine',lar i^n 6d^6c ri^hi-' y arrq rgdf oI Jv'rrLJ wrLrr rovJ

HVAC AND PLUMBING INSULAT I ON
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strips. AILer app-[ying speed clips cut p-Lns oll llrsh and apply

vapor seal paLches over c1ips.
2. Plain board:

a. Tnsulation shall be scored, beveled or mitered Lo provjde Eighf,

joints and be secured to equipment wlth bands spaced 225 run (9

inches) on cencer for i rregular surfaces or wiLh pjns and cllps
on flat surfaces. Use corner beads to protect edges of
insulation.

b. For hoL equ.ipmenL: SLrecch 25 mn (1 inch) |Tes\ w]re, \^riLh edges

u ya l:.a.1 r^darhar ^rrAr ina,,1^ri^r :n.l f iri-rr "i r '-e 
- r-i_-

and finishing cemenL applied j-n one coat, 6 mm r1l4 inch\ Lhrck,

trolre1 led to a smooth finish.
. F.r .^1d | . an- l racf a,.l 1-:cq fahric j n a -ack coaL 1.5

ro I.7 squara meter per lrter (60 to ?0 square feeL per qallon)
of vapor mastic and flnish with mastic at 0.3 to 0.4 square meter

per fiter (12 to 15 square feet per gallon) over the entire
fabric surface.

d. ChiLled water pumps: Insulate with lemovable and replaceabLe 1mm

thick (20 gage) aluminum or galvanized steel covers lined itith
.insu,aLion. Seal closure joinEs/f.Langes of covers wich gasket

material. Fill void space in enclosure with flexibfe minetal
fiber insulation.

SPEC WRTTER NOTES: Provide 50 mn (2 inch)
ducc insularion ror supply and 40 run'l-
1/2 inc]r,) for returr ducL wo.rk exposed to
severe outdoor condiL-ors. -n paragraph
3.c below delele outdoor air duct
insulation in mild climates.

? Fv^^c6-r ,.n,:16^ ,-r,,^-,..-.r ,. ,-f inished are-s,
rnechanical and efectrlcaf equiprnent rooms and attics, and duct work

Fvn^<a.t 1-^ ^.r f .l^o - weaLher:

a. 40 run l\-I/2 Lnch,) thlck rnsu.l-ation faced with ASJ (white aff
<arvi.6 ir.L6'1. q,'n^lr,:ir /t,,.t rrnlinad rir b:n.ll in. rnile :..1

a fte.L fif Ler hous ing .

b. 25 mrn (1 inch) thick insulation faced ltith ASJ: Return air duct,
hivad :ir hlan,me :hd 

^rAfrlrar 
h^,i<ind

B. Elexible Mineral Fiber Blanket:
1. Adhere insulation to metal with 100 mm (4 inch) wide strips of

insulation bonding adhesive at 200 mm (B inches) on center all

HVAC AND PLUMBING INSULAT I ON
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around duct. Additionally secure insulation to bottom of ducts
exceeding 600 m,n (24 inches) rn width r.rith pins we.Lded or adhe!ea on

450 nnn (18 inch) centers. Secure washers on pins. Butt insulation
6A^6c :.d ca.l i^in-- - - I L -- -! _i^c cr:nl6c tr:i, h6 ,,c64wr L'r rdP5 rL!rPr. JLoP.rr .!.dJ Lc urru

to assist in securing insulation. SeaI all vapor retarder
penetrations with masric. Sagging ducL insu-LaEion wiII noL be

:..anl-^hla lnet:ll fi16<l^^ A,'^r in.,'lrli^. L'h6.6 /6^,,i/6/l

2. Supp1y air ductwork to be insu-lated incfudes main and branch ducts
fr^m AHII di<.h:r^6 t^ r^^h c,,hhl \, ^,rrl6fc :h^ iha l-'^Ar6c ^f ^6ilrh^

outlets to prevent condensation. Insulate sound attenuator unlts,
corf casings and damper frames, To p.revenL condensaL-Lon rnsu]aLe

trapeze type suppor.ts and angle iron hangers for flat oval ducts
that are in direct contact with netal duct.

3 .1n.F:l F.l crrnnl \, : I ! ductwork,

a. Above cellj.nqs at a roof level: 50 mrn (2 inch) thick insulation
faced with FSK.

b. Above ceilings for other than roof leveI: 40 mm (1 1.2 inch) thick
insulation faced with FSK.

4. Concealed return air duct above ceilings at a roof 1evef,
unconditioned areas, and in chases with external \,ra11; 40 rrJf. (I-I/2
inch) thick, insulation faced with FSK. Concealed return aj-r
ductwo!k in other focations need not be insulated,

5. Return air duct in interstitiaf spaces: 40 nun (1-112 inch thick
insu.lat ion faced with FSK.

C, MoIded M-Lnera.I F-Lber Pipe and Tubing Covering:
I Fii in<'rl^fi^n f^ nina 

^r 
.l,r^r :li^nin^ l^n^if,l^rnrl r^inr< c6:l

lrh. :n/l 
^i 

r^,,m16r6^r irl h,,ri- ci-,i^c F\\, r,,l-\l-\i n^felv f L uuf 
"d 

a

- _ r__ 5r]i.^ r^^l r n^<r i-r 116 <6:l qi-rnl6co 
"J 

f u,,

hiw ba 
'1sa.l 

r^ r<<iet ih .6^,r.i^^ ine,,l.li^n c6:l :ll 1':n^r

reLarder penetratrons on cold piping r.rtth a generous application of
\ran.rr h^rriar masfic. Provide inserts and install with metal
insulation shields at oLttside pipe supports. Install freeze
hr^r a.t i^n ih<rrl:tr^n 

^v6, 
h6rfih^ -:F,16

t .^nry--+^rr Fo- filt:n.r .r:..,a ,-1.t va-Lve insulation:

a. Insulating and finishing cement for srzes less than 100 inm (4

in.hesl .ner:1-ind >r <,,rfr.a ^f 16 ;'adrd^c a tr'1

degrees F) o! nore.

HVAC AND PLUMBING INSULAT ION
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F. Fr-r ^r\, ^.6h^l.l.d ^.6 ^i6.a 
p\/a ..var< r:ha- /F.r'n

B), inserLs. Provrde Lwo rnserc layers for pipe LemperaLures

bel,ow 4 degrees C (40 degrees F), or above 121 degrees C (250

degrees F) - Secure first layer of insulation with twine. Seaf

sean edges wich vapor barrier masric and secLre wlah fitLjng
tape.

c. Factory molded, ASTM C547 or fiefd rnitered sections, joined with

adhesive or wired in place. For hot piping finish with a

cm^^i-hin^ ^^!r ^, ri.ichi.d.amanr F^r .^l.l 'i--i.1c 
-6 .l^.-a6c

-flrfJLr!,Y

C (60 degrees F) or fess, vapor seal ltith a layer of glass

fitting Lape imlceddeq beLween lwo 2 IILn {1,/16 inch) codLs of vapor

barrler ma st ic.
.-.1 Firrih^ rrn6 ch:ll -wi-6n/l ^1'6. 

iha :.li:.anr------ 1r Pe

^- itco f r- leasr 50 nx- (2 inches).

3. Nominal- thickness j-n millineters and inches specified in table

below, tor piprnq above orodnd:

Norninal Thickness of Molded Mineral- Fiber. Insula t i on

Nominal Pipe S.ize, millimeters (inches) : 25

(1) & be 1ow

32- '7 5

\r-r/ 4-
3)

20(0.75)a. Domestic hot water supply and
!eturn

n a:nid ael- r-Fr Ph6nol ic Foam:

1.. Riqid closed cell phcnol ic insulaLion may be provided for piping,

dirctwork and equipmenL for Lemperatures up to l2l degrees C (250

degrees F) .

2. Note the NFPA 90A b.r.rning charac!erisLics reguirenanLs ol 25l50 1n

paragraph 1.3. B

3. Provide secure attachment facilities such as itelding pins.

4. Apply -nsularion wrth joinLS tightly drawn Eoqether
q annlr' 'dha<i\'6c .^rrarih^< 

^a:rlv 
finishad > ri--in-c ..d ,i'r'6<

6. Final installa-ion shall oe smooth, L-ght, neacly finisheo a- all
edges.

7. Minimum thickness j.n nilfimeters (inches) specified in tabLe below,
fnr n i_ i. a :h. '-a lrDund'

HVAC AND PLUMBING INSULAT ION
23 01 71 - ).4



Nominal Thickness of Rigid Closed-Ce.ll- Phenol-ic Foam Insulation

Nominal Pipe Size 25 32-?5 100-150
millimeters (inches) . ,.. - \7 7/4-3) \4-6)

be 1ow

1. 4-16 degrees C 2A 20 (0.?5) 25 lI)
(40-60 degrees F) , CH, (0.75)

CHR, GC, and GCR-

//a, Run outs to Fan 15
coit units ,/,/. (0.5)

//b. Ice water Piping 15 2A (0.15) 25 (1)
// (0.s)

1. 10 degrees C (50 15 20 (0.'75)
degrees F) and less, RS (0.5)

f^r DY rafri dar:nie

2. Donestic hot water 15 15 (0.5) 20 (0-75)
supp-Ly and returr. 0.5)

05-10

E.

8. Condensation control insulation: Mininum 20 nm (0.?5 lnch) thick for
all pipe sizes,
a. HVAC: Cooling coil condensatj,on piping to waste piping fixture or

drain inleL. OniL insulation on plastic p-pin9 in mechanical

rooms .

b. Plumbing piping as fo1lolrs:
^€ r^^F '^^ overffow drains horizontal runs and offsets

'ih-l,rAih^ dl^^L,cr ^f in,6r:^r 
^^L'nen^,rr 

ninih^ i^:ll :ra:<

^h.iva 
nina h:qarenL.

2) l,laste piping fr:om electric vrater coolers and icemakers to
.l r: i h:da evef6m

3) Cold water piping.
cellular Gl ass TnsLlaLion:
I Pin6 >-.1 f rhiaa .rn:ril lL'.l,.as- i. rnj-l.limete.rs and

inches as tabufated below for chj lled water ancl r:efrjgerant piping.

Nominal Thickness of celfular Gfass Insulation

Miflimeters (inches) Thr:u 38 50- 150
lr7/2) \2-6)

1. 4-16 deglees C (40-60 50 (2-0) B0 (3.0)
da.rc6c F\ ICH :r.l -uR nroe Chase

2n7l ,rh7l6 7^ 7 
^'rn 

A l

HVAC AND PLUMBING INSULATI ON
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Nomi-nal Thickne s s of CelluIar Glass Insulat io'l
Millimeters (inches )

2. 4-16 degrees C (40-60
degrees F) (CH and CHR)

Thru 3B

l7r /2)

40 (1.5)

50- 150
l2-6)

s0 12.0)

2 llrdarnr.r rid Pinird nther !han or in -[ieu of th.t qnar-i':6.1 :n

q6^ri^n 2? 2l I ? llvnFaNITa DTDTNc. 'nr,^6 TT rr^l ^.r/ i:-L61-64 ,-'i I h :

? mm l^minafp i:.Lol in^ .^^eiefin^ ^f lnOO mm v ?nnn mm rln fr v lO

f., 
^snh:lr 

iTnra^r:ra.l .r i<c fahri-. hi' rri.ous masLic and ouEside

PruLcL Lf vc Prar LrL L

r ?q mm / 1 ih-h6c\ L LCK IOr not Wa!er pLplnq.

b. As tabul-ated above for chrlled water piping.
. Iln.lar^r^rrnd ninin^. Annlv rhc,,l:ri^n L'ifh i^i^'c ri^hrlrr f.,,r'6^

Seal longiLuoinal self-sealing -Lap. Use field fabricared or
q6. I l.\,,f1 i^inre:nr] frrrin^ L'ifh, or uw I y ",ovq

'jacke!ing as recofiunended by Lhe insJ-[aL-on manufdcLurer. Use 100

mn /4 in.h) L'ida ai ' inc r^ c6r'l F,,rr i^,.i.wrvs JrrrPJ rv rsoi wurr Jvrr LJ.

^ 
Dr.r,:'-{6 6w^..ci^n .hirnha"c f.r nine l^^-s anclors and wall

penetrations as reco!tunended by the insulation manufacturer.
a lln.lcrdrorln.l i.e,,l-r i^n eh:ll h^ inc^A.r6.l -n.l :^^/^,/a.l hv rh6

Resi dent Enq-neer as fol.lows:
1) Tn<rrl:fi^. in ^l:-6 l_.6f ^,6 ^^:rrh^
?) Af]-ar.^atind

f. Sand bed and backrill: Minirnum 75 mm (3 incnesj aI-L a-round

insirl:la.l nin. 
^r 

r^nk :nnl ia.l :ffar ^^.r'h^ ^.< .i. a.l

3. Cofd equipment: 50 nm (2 inch) thick lnsulation faced with ASJ for
.hillF.l w:tFr h,mns L,rrar ti lta/< .h6hi-:l faa/lar n^ta ^r r:hL<

Avh:nei 
^F 

t:nLe :i r separalors and ar- r purgers-
Pdl \/i so.\/;nr1r^fa Cl^sa.l-aal I pidi,-l Tne',1.t i^..

1 o^1,,' a ^l^sad-.all ridi.l in<i,lrfi^F /pTp' h:\, ha 
^.^u,dal!

For pipinq, equipment and ducrwork for temperarure Ltp lo 149 degree

C (300 degree F) provided insufation thickness requirement does not
exceed 38 mm (1.5 Inchesl.

? Tnsr:ll insrrl:ri^n v:n^r y6f:r.la/ rnd ir^Lar in^ ^ar m:n,,fr

recommendations . Particufar attention should be paid to
recomnerdaL ions for 'oinr scaggering, adnesive appLjcdLion, exlernal
h:ndar rlpsidn ov^^nei^n/.^nr ri-ri^n i^inr rj6-: -- .'L9/L di'v JPorjLr9 drru

vapor reta -de-r in-egrity.

HVAC AND PLUMBING INSULAT ION
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3. -LnsLall insulation with a-tI jojnrs tightly butted (excepL expansion)
i.inrs rr hdi .6nl i.:t i^.c r

4. If insulation thickness exceeds 63 mm (2.5 inches), instafl as a

.l^irhle l:\/or 'r^^\ ---l r-,,'rr i^inrL" LviL9rLuurrLdr \faP, drru uu!

ct^^^ar in^ :e ra^^hmanA6A Fr!/ mih,!r!-, '.dr

5. For cold appl ications/ vapor retarder sl^a LI be insLa-L.Led tn a

contlnuous manner, No staples, rlvets, screws or any other

^'tr.hra.l 
.jp"i.a ^anabla 

^f ^ana, 
r^l i.. rha l':n^r raf:idar ehrlr r^,a

rrsed io al fach thp vannr rpl 
^t.ldr ^r l^.kaf1nd Lfqr L dPduf E

of penetrating the vapor retarder shaff be used to hold the
i.ls|'e. ,.. ir n_.co p:..rr.^ .hrl I ^6 'dar i-^ rLLaCh pVC Or neLaI
i,.La1- i nd

6. Elbows, flanqes and o!ner ficcings shall be tnsulated wifh rhe same

mate.rial as -Ls used on che pipe sLra.ignLS. The el oowz tir!.ing
rnsulation shaII be t ietd-fabricared, mi!ered or fdcLory
prelabr-LcaLed to Lhe necessary size and shape ro fir on rhe e_bow/

IiLLing. Use oF polyurechane spray-Loam co frll PVC eloo!.r jacket is
p!ohibi ced on co.Ld appl j caLions.

? Fnr ..)ld :nnli.:fi^h< tha \':h^/ ral .r,-16r ^n 6ra- '-
' 

I LLfr'9J Jrrd I I

be either mas ti c- fabric-mas t ic or 2 mi1 thick PVDC vapor retarder
rdh6<i rra 1 i^a

8. AII PVC and me!a-[ jackeLing sha.Ll be insra]-Led so as Lo narural ly
shed water. Joints shaLL point down and shall be sealed with either
:.lhFsiva nr .^rrll-ir^ r6!.anr f^r 

^ari^di. 
elin i^inrer

9. Underground piplng: FoIlow instluc!-ions for above qround piping but
Lhe vapo.r.retarder jacketing shal1 be 6 mil thick pVDC or minrmum 30

niI thick rubberized biturnlnous memlcrane. Sand bed and backfill
shall be a minimum of 150 lruli (6 inches) alf around insulated pipe.

10. Note the NFPA 90A burning characteristic requirements of 25/50 in
n.iri'rrrnh - rR Ra'6r t ^ ^:r:--rrh 'l 1 f^- : .^"1s noL Lo be

insulated-
11. Minlmum thickness in mj Ilimecer (jnches) spec-ified in Lable be Iow,

f^/ ni ni nn.

HVAC AND PLUMBING INSULATION
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Nominal Thjckness of Poly-isocyanuraLe Rigid lnsu-LaL.Lon

Nomi-nal Pipe Size 25(1) 32-'75

millimeter:s (inches) : & \1 1/ 4-3)
be I o!''

1. 4-l-6 degrees C 25 25 (1.0)
(40-60 degrees F) , CH, (1.00

CHR, GC and cCR for
ral if i va hrlmi di 1-r, ,rn i_^

80 percent or
rln.lardr^rlnd I 

^^:i-i ^h

//a. Run outs to fan 20 25 \7.)
coil units,/,/ (0.75)

//b. Ice water piping// 25 25 (1.0)
(1.00

2. 4-16 degrees 40 40 (1-5)
C(40-60 degrees F) CH. (1-50

CHR, GC and GCR for
ralrfi\ra h,,mirlil.U FO ]-n

90 percent or higher

//a. Run out to fan 40 40 (1.5)
coils units// (1.5)

40 40 (1.s)

//b. rce water piping,// (1'5)

2A 25 (1.0)

3. 10 degr:ees c (50 (0'?5)
d6draae I'\ .nrl 16cc Dc

f^r DY rafri 
^a 

r.nt c

4. Domestic hot water. 15 20 (A.14)
suppfy and return (0.5)

12. Condensation controf insulation: Minimum 20 mn (0.75 inch) thick for
alL pipe sizes.
a. HVAC: Coofing col1 condensation piping to waste piping fixture or.

drdin -Lnlet. OniL insulation on plasLic prping in r.echanica-L

roorns.

b. Pfumbing piping as follows:
1) Body of roof and overflow drains and horizontal runs and

offsets (incfuding elbows) of inte.rio! downspout piping in all
aleas above plpe basement.

2) Waste piping from electric water coole!s to draina.re svsfem

HVAC AND PLUMBING INSULAT I ON
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3) ltlaste piping located above basement floor from ice making and

air handl i ng un-its, trom tixL.tre (incluoing L rap) to main

verl ical wast e pipe.
qJ L O-rO llaEer Prp-Lng.

G. Flexibfe Elastomeric Ceflular Thermat Insulation:
r ^^-r!, i-c,r--i^n ---l .,rh-r.=tF frr-r.lns .r. iccordance with the

manufacturerrs instaffation lnstructions and flnish with two coats
of $reather resistant finish as reconunended bV the insulation
manufacturer,

2 Di np ,a.r rlhind irstlaLion:

a. Use proper: size rnaterial . Do not stretch or strain insufation.
b. To avoid undue comp-ression of insulaL.; on, p.rov-Lde cork sLoppers

or wood .rnserts at supports as reconunended by the insulatlon
manufacturer. Insulation shiel-ds are specified under Sectlon
23 A5 I7, COMMON WORK RESULTS FOR HVAC.

. WhtrF n.]ssihle sl ih inei,l:fi^h ^war rha ^i^A ^. r,,h,^^ 6ri^r r^

connection, and sea.L the butt joints with adhesive. Where the
slip-on Lechnique is noc posstble, s.LiL Lhe -insu-Lacion and appty
it to the pipe seafing the seam and joints lrlth contact adhesive.
Op[ional Eape sea]ing, as -recom,nended by tne manutacturer, may be

employed. Make changes fron mineraf fiber insulation in a

sfr:idhr rr. 
^t 

niha firrin^ q6rl i^i^r L' ,h r.^a

3. Apply sheec insu-Larion to ffaL o.L large curved surfaces wttn 100

percenL adhesive cove!age. for fiLcings and Iarge prpe, apply
adhesive to seams onfy.

4. Pipe insulation: noninal thickness in miffimeters (inches as

specified in table below for piping above ground;

HVAC AND PLUMBING INSULATION
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Nominal Thickness of Fl-exible Efastomeric Cellular Insulation

Nomina.l Pipe Size 25 \l) 32-'/5
milfimeters (inches) & below 11 \/4-3)

1. 4-16 degrees C (40-60 25 40 (1.5)
degrees F) (CH. CHR, cC, cCR) (1.0)

a. Runouts to // fa^ coil 2A 40 (1.5)
units // cool ing coi I condensaLe (0."5)

p\pinq / /
b. // Ice waler piping ,/,/ RS 25 40 (1.5)

for DX refrigeratLon // {1.0)

2. Domestic hot water supply 15 2a (0.'75)
and return (0.50)

5. Minimum 20 rim (0.15 inch) thick insufation for pneumatic control
lines fo! a minimum distance of 6 m {20 feet) from discha.rge srde of
fho r6fri 

^ar:f6.] 
/lr\'6r

6, Use C.lass S (Sheet), 20 r,'n (3/4 inch) thick for the followlng:
wo usr PurLLPr

b. Chillers, insulate any cold chiller surfaces subject to
condensation lrhich has not been factory rnsulated,

--END---

HVAC AND PLUMBING INSULAT I ON

23 A'7 I7 - 20



05-10

sEcrroN 23 23 00
REEB,IGER,ANT PIPING

PART 1 - GENERAL

1.1 DESCRIPTION

A. Fiel.d refrigerant piping for direct expansion HVAC systems.
B. Definitions:

1 Raf ri.rpr.aii6n swstem: Combination of lnterconnected
rafri ^a ri. | ^l^c6.l r6frr^6Y:ri^hvv.|!ufrlrtL9Po'lJuv|'JulLuLft'9vllL

circuiL in wh-ich a refrigerant is circulared to.r Lhe purpose ot
6vl- r.^l. i.^ ha. f

a. Low side means the parLS of a refriqeraLion sysLem subjected to
evaporator preSsu!e.

h Hidh <i.la n6rne th6 
^.11 

q 
^f 

r rai ri^a/.r i^n cr,<l6m c,'F,ia^r orl r^

.^n.ip.] spr nraSsule.
2 Aiaao.l i^i.r. A d:c-r i^hr i^inr ^F\frin6rl hv fh6 i^inin^ ^f marrl

Fr,, r- - ^,,r r j.rrpr _h:') 44q 4a'-rr6asPorLJ wr u oL Lsr'rPsroLu

a (84n dFn-FAs Fl but Less Lhan the rnel tinn r 6nn6r.rl r16s ^f l^a

i^i na/l 
^.rf<

1.2 REIATED WORK

A. Section 23 05 11, COMMON !'ORK RESULTS FOR HVAC: General mechanical
requirements and itelns, which are colrtroon to more than one section of
Division 23.

B. Section 23 A'1 1L, HVAC AND PLUMBING INSULATION: Requirements for piping
insulat.ion.

C. Section 23 64 00, PACKAGED 
'\TATER 

CHILLERS: Piping requirements for a.ir
cooled chiLlers and condensing units.

D. Section 23 21 L3, HYDRONIC PIPING: Requirements for lrater and drain
ni hi nd :n/l v: I vac

1.3 QUAIITY ASSI'RANCE

A. Refer to specification Section 23 05 11, COMMON WORK RESULTS FOR HVAC.

R a^nh-\/ uirh AqHFAF Sfrn.l:r.l I5-?nn_7 q)for\/ qtAn.l:rd f^r aalrr^arirr^n

Systems (ANSI Approved) and Standard 34-240'7, Designation and

Cl-assification of Refrigerants. The application of this Code is intended
to assure the safe design, consEruction, installaLion, operdL-Lon, and
in<ha.fi^n 

^f 
awarv r6fri^6rrii^^ cvci-6h am^l^r,i.^ . r l,,i..l '-rh i-l.\

-a.l :n^ Iid,,afia.l in irc rafridar:ri^h .(/.1a,,u!,tra r a y

C C^mnlv wirh ASMF. Rll 5-2nn6' aAf.i^6rrn1 pi^ih^ rn.l H6r, Tr:nef67

Components.

D. Products shalI comply wiEn UL 207 "Refrigerant-Contarning Conponents and

Accessories, "Nonelectrical"; or UL 429 "Efectrrcal Opera!.ed Valves."

REFRIGERANT PIPING
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1 . { SIrB}.ar trAI, s

A. Submit in dccordance wiLh specificatron Section 01 ll 23, SHOP DRAWINGS,

PRODUCT DATA, AND SAMPLES.

B. Shop Drawings:
1.. Sufficien! informaLion for components noLed, inc-Luding varves and

rof ,: 1a-a.t ^- a:r] \, nrasar-a,.1 cf :-- La .-.- rrred

f^ .lotaf mi ^-r <^a^i I i-:' i^.< f^r!vr,.P,,o,rrc wf LrL urdwarr9r

.orn a-pnf e r^f6.' below:

. Trrhi hd :hd rirl inne

b. Va f ves

c. S tra iners
d- Moi scure-l rqu'd ind-icators
e. Fi I ter.-drie rs
f. FIexible metal hose
d T idrli.l-<rr.ri^^ intar.h:h^6a

h ni l c-^rr:t^,c ,L,h6n cn6-i fio.rr

i cr^6<

j, Pipe and equipment supporrs
l, R6f .,.rar^nl F-rd oi I
I pina/.^n.lr11i .^^i n6n6frrri^n ^^r'6,

h q^ldprind 
^n.l 

l_1r^7i^^ mrf6.iil<

1.5 APPI.ICABLE PUBLICATIONS

A Tha brrhli.atinns liela.l hal^1, r^rh : ^:rr ^f r^!e <^6.iti^rri^h f^ rha

extenL !eferenced. The publicacrons are .Leferenced in the text Dy !he
i1:ei^ .lAcidn:ri^n 

^nl\/

B. Air Condi Eioning and PefrigeraLion .LnsLitLLe {ARI) :

495-2005. . . . . . . . Pe - fornance Ra!lng of Relrigerant Liqulo
Receivers

?30-2005. ... .., ,Ffow Capacity Rating of Suctlon-Llne Eilters and

Suction-Line Fi f te r- Driers
150-2041 Perfolmance PaLing ot Thermosraiic Refrigeranr

Expansion Va lves
'760-20A1, ... . .. ,Performance Rating of Solenoid Vafves for Use

with Vol at r le Refri ge ranL s

C. American Society of HedLinq Refrigeratrng and Aj r CondiL-Loning Engineers
(ASHRAE ) :

15-2001. ........Satety SLanda.rd for Pefrigerarion Systens ,ANSI)

17-2008. ........MeLhod of TesEing Capacily ot lnermosLaLic
FeIr-Lgeran! Expansron Val ves \ANS ] J

63.1-95 (RA 01).........Mefhod of Tesring Liquid Line Refrigeranr Driers
(ANS ] )

REFRIGERANT PIPING
23 23 00-2
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D. American Society oI Mechanicaf Englneers fASME) :

876.22-2041. ....urought Copper: and Copper. Alloy Solder-Joint
Pressure Fittlngs (ANSII

81,6.24-2006. ....Cast Copper Alloy Pipe I langes dnd Flanged

Flttings, CIass 150, 300,400, 600, 900, 1500

and 2500 (ANSr)

831.5-2006- .....Refrigeration Piping and Heat Transfer
Components (ANSI )

840.I00-2005. ...Pressure Gauges and Gauge ALtachmenLs

840.200-2008. ...Therronerers, Direct Peadirg ard Remo-e Peaoing
E. American Society for Tesring and Materials (ASTM)

A126-04 .Sldndard Specificalion for Cray lron Cdstings
for Valves, Flanges, and Pipe Fittings

832-08.. . . . . , . . . Standard Specification for sofder Metaf
888-01.. ..... ...SLandard Specificacion for Seamless Coppe! l4aler

Tube

B88M-05. . -......Standard Specification for Seamless Copper Water

Tube (Metri c )

8280-08. .......,SLandard Specification lor Seam-Less Copper Tube

fnr Air C^h.lil-i^.;nd 
^n.l 

eafridarar i^n Fi.l.l

Service
F. American !,ieId-lng Sociery, 1nc. (AWS):

AliS BRH-2007 Brazing Handboo k

A5. B/A5. BM-04 . . . Standard Specification for Filfer. Metafs for
Brazing and Braze Welding

G. Underrrriters Laboratories (U.L. ) :
UL2O1... ........Sranda!d Ior: Rel.rige!ant-Contatning Conponenls

and Accessorres, None.lecLr ica I

UL 429 REV 6.. - - . . . . . . . . E I e c t r i c a I I y Operated Valves

PART 2 - PRODUCTS

2.1 PIPING AND FITTINGS

A. Refrigerant Pip-ing: Copper refrigerant rube, ASTM 8280, cleaned,
dehyd.raLed and sealed, markeo ACR on hard temper stra-9hL lengLns. Coils
shall be tagged ASTM 82B0 by fhe manufacrurer.

a Fi+F:-^^ r,-l ,6- --l Accessories:
1. Solder joints: Wrought copper fittings, ASME B16.22.

a. Sofder, refr:ige.rant tubing: Cadnium free, AWS A5.B/A5-BM, 45

percent silver brazing alloy, Cfass BAg-5.

b. Solder, vnater and drain: 95-5 tin-antimony, ASTM 832 (95TA) .

REFRIGERANT PIPING
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, Fl>ndas :h.l r l:nda.l firr in^<. aqMF Rlh ,1

'l aafri d6r:t i 
^^ 

\/:l !'6c.

^ 
qi^h \/:lva<' Rr:e< 

^r 
hr^^?6 rll^\, 

^r^Ll6< J' u! PaL^cu LyPc wfLrr

vdr LLy"L Ldp, !!uJL l]Lee,, udLtr>edur,19.

b. Pressure Refief Valves: Cornply with ASME Boifer and Pressure
Vessel Code; UL I isLed. Forged brass with nonferrous, corrosion
.resrsLant internal wo!king parts of high s!rengEh, cast lron
bodles conforming to ASTM A126, crade B. Set vafves in accordance
with ASHRAE Slandard I5.

c. Sofenoid Valves: Conp-Ly wItn ARI ?60 and UL 429, UL-1isted, Lr.ro-

nncit i6-1 /lira.f r^r n)isfure and
w>ndr-nr^^f I \/na 

^f ^^rr^<i^n 
roeici in^ m:rari:lc 116c1^^6/l r^.

intended service, and solder-end connections. Fitted wlth suitable
NEMA 250 enclosure of Lype requi.red by .Locarion and normal.y //
aPen // closed,// holding coil-.

.i Tharmosr:ri. Fv.:n<: _! 
^aT lqa pr:ec h^,-'l\7vorvcr. LUn(Pf y

!^/ith stainless-steel oL non-colrosive non ferrous lnternal parts,
.li,anhr:om rn.l sori nd-l 

^^.la.l 
r.li ra.i -^nar:ta.li tvna L'i rh eA^< ^^

bulb and distribJLor having side connecLion for hof-gas oypass and
ay-err^l Fo r I i-ar qr-a r., -\:-:tteri stics ds
rF.arnmande.l h\/ m:nrilr.trlrar ^f av:n^r:r^. :.d I.^l^rv ear l^r

c,,n6,h6:f r^^' i -6n618S. SO_Lder_end connecriOns -F.i-r1 :.4 r,-:nr

in accordance with ASIIRAE Standard 1?.
e. Check Vafves: Brass or bronze alloy with swing or frfE rype, wiLh

LignL closinq res--L-ien!. seafs ror s-,enL operarion; destgned lor
low pressure drop, and with solder-end connectlons, Direction of
fl^w <h:l I ha ladrr --.ad 

^h 
th6 \,. lua h^dvPcrrL'd,'c,IL, y

4 Strainars: npsi^na.l r^ h6ihi' r6m^r'in^ c-r66h r-'i rh^,rr -dm^,,in^

strainer from piping systen, and provided with sct:eens B0 to 100 nesh
in liquid Iines DN 25 (NpS 1) and smaller, 60 n.esh in f-iqujd lines
larger than DN 25 (NPS 1), and 40 mesh in suction lines. Provide
qt-:'na'. 'n 

_:..,i.r I iap <a/v;.d a^.h rharm^eF:ri. 6v^:ne 
^. 

r/-lwa

and in suction lrne serving cach rcfrigerant compacssor noL equrpped
Lri fh i niadr: I <1 r:inar

5 Refri{.IFrtnt Moicljire/Iid,i'.1 In.li.:F^r<. n^,,h16-^^/, a.l rUh6 h:r',h^

hc^vv s'.rl-t l]l:scas spr le.l nr. fnrdp.J hrd.?a 
^^.lv 

i..l in.^rn^r:r i^^

means of indicatinq refrigeranL charge and noi s!.ure i rd.ic-L.ion.
Plovide screwed brass seaf caps.

6 Rpfri.ttr:nl FillFr-nrvar<. IlT. lr<fa^ in-lin6 rvn6 :c ch^Lrn

on drar.,ings. Conform to ARI Standard 730 and ASHRAE Standard 63.1.
c_a6l chol1 nr^ra.ra.l L'i rh . 

^ 
r r 

^ 
< i 

^ ^ - / a e i < , r n r ^:i.i-.

REERIGERANT PIPTNG
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^orf^rarad 
h>fllp nl:rae d6<:^^>.i l-,\,^).. qi?6 :<

recomnended by nanufaccurer for service and capac-Ly ol system w-itf.

connection not .Iess than the fine size in which insta-lled. Filter
+\ 16^rlceable fi_Le.rs shall oe r,--r cla.l w:lt- ^ra.-,-a

element of each type and size.
7. Flexibl-e Metaf Hose: Seaml-ess bronze corrugated hose, covered inith

bronze wire braid, with standard copper tube ends. Provide ln suction
an.l .li<.h:rda hi6ind 

^f.:^h ^^m^16cc^.

2.2 GAGES

A. Temperature Gages: Comply wiLh ASME 840.200. I n d u s !. r r a I - d L L y rype and in
radri rF.l I emnaT^trlra r:.da f^r <ai!'i ^6 i h L'hi ^h 

'ncr . I lo^ l::^6< .h:r l

have Celsius scal-e jn l-degree {Faht-enheit scale in 2-degr.eeJ
graduaLions and \rr th bLack numlcer on a whrfe iace. The poinLer sha-I1 be

adiuscable. Rigid stem Lype Lempe!aru.re gdges shdII be provided in
thermal we1ls located within 1525 nun (5 feet) of the finished ffoor.
Ihivr-s.a- .a.trr.sr.ihrc a.l.rtF -\ na a 616-1er+ 16 

^nqes
shaLl be provided in thermal ne]ls l-ocated 1525 to 2135 mm (5 to ? feet)
above l'he finlshed f.loor. RenoEe element type remperaLure gages shall be

p!ovided in thermal wells focated 2135 nn (? feet) above the finished
floor.

B. Vacui.m and Pressure Gages: Conply with ASME 840.100 and provide with
thrntflir.r -vnp r66d a vFlva 1' a rIlseti.. rj:rrrerp- :'1.1 .-r't-nr, \,Flve.

Gage shaff be a mlnimum of 90 run (3-1./2 inches) in diametei with a range
f/^m n LP. /n nci^, LO dpproxlrraEe_Ly 1.1 tlmes Ine maxlmun' sys!en
working pressure. Each oage range shall be selecred so that at no.rmal

^n6-arin- Lhe needle is wichin Lhe .lrd.jtF_rFr-.1 
^r rha r:i.rp

1. Suction: 101 kPa (30 inches Hg) vacuum La 1'723 kpa (gage) (250 psiq)-
) nis.hrrdp. n r 

^ 
ldl5 Lp: /d:^-r ,n i-^ qnn ncidr

2.3 PIPE SUPPORTS

A. Refer to specification Section 23 05 7I, COMMON WORK RESULTS FOR HVAC.

2.4 REFRIGERANTS AND OII,
a Pr^\r:'la radrri ral ra'rid.riht 

^n.l ^il f^r nr^nar c\,cr am ^^6/:, i^hvP\. vr-

2.5 PIPE INSUI,ATION FOR DX TJVAC SYSTEMS

Refer to specification Section 23 A'7 11, HVAC AND PLUMBING INSULATION.

PART 3 _ EXECUTION

3.1 INSTAII.ATION

A. .LnsLa]I relr-ge.rant plping and refrige-ranL conLaintng parts 'n
accordance with ASHRAE Standard 15 and ASME B31.5
I lr< ^ll ninind rs short :c .^<<ihla w lh : mihih,,m ^,mha. ^r i^inJ--...-5,

elbow and fittinqs -

REFR]GERANT P I PING
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2. InsLaII piping wirh adequate c.Learance beLween pipe ard adiacenL
walls and hangers co al low Lor se.rv'ce a.']d inspecLior, Space prpjng,
ih.ltl.lihd iher1l.t i^n r^ hr^,,i/16 ,q mh /1 ih-Fr minim,,m ^16:ri^-6

ni^in^ 
^r ^'h6r e,,rfr^6 rlco ni^6 c166r,6. thr^,,^h

wal-fs, floors, and cei-[-ings, sized to permic rnstall.lion ot pipes
with fulf thickness insulation.

3. Locate and orlenL valves ro pelmiL proper operaLion and access lor
m:inran^n.a .f ni.Lin^ aa:r :nd .li <^ nanAr:l l\, l^^:ra v:lrra <r6hc

in 
^varha^.] 

6i6in- j Dr^r'iA6 : rini^h:rlir^6ntF rf r-rv I'r PUJjLfvr'.

to one end of alf threaded end valves- Control vafves usuaLLy requile
reducers to connect Lo pipe sizes shown on the ordwing.

4 IlcF .^nnar f rhin.t i. n-.-.^f:r'a .-..1 r- -" -"- - 1.ev vqr vw 9!wurrr

5 ln<l 
^l 

I h:n^4.< :n.l c',^^^, | < 
^6r 

AqMF R'll q :n.] fh6 .64, i^ar:nr

piping manufacture!'s .recorurendaLions.
B. Joint Construction:

1. Brazed Joints: Cornply with AWS "Brazing Handbook" and with fj-fler
ma!erials compl y1n9 !rirh Al,lS A5 . 8,/A5 . B14.

: Il<a Twna R.'rp .^nnar-^h^<^n^r',a -ll^\, F^r i^ihinn -^nn6y c^^t6r

firrindq L'i rh 
^^nno, 

f,,r-\i^^

h IIsp Twnp RAd .^dmir1n-lr6a .i lvor rll^r, f^r i^inin^ -^nn6y ,-,i1h
]vLIllllYtvPPgl^fl|'

bronze or steef.
c. Swab fittings and valves vrith manufacturer's recomnended cleanlng

fluid to remove oil and oLher compounds prior co insrafla'ron.
.ras -hr^ ^L 

_l-a 6:ha ^r , thi_d _ -vrrlat i )n

as each jornt is brazed. Cap Lhe syslem wach a reusable plug after
a,i.h hr^7rnlt ^nara-i^n l. ral .i. lha -rir-^dar ard n-a',a.r 6^l rrlce

of air and moisture.
C P-.f4.- ra'riocr:-i^n swslFm .lrrrind ..n<tr|.fi^h Adrln<r anr r:n.o 

^f
f^ra;dn m^llar .l irF :..1 m^ie ,'6. h:r'a ^n6n 6h^c ^r ^;^i.^ .h,

-^.4a-ea-e :1.1 ^! Lar 6., :11anc

I idhi I w .:^^a.l irntiI :e<amFlu

D. Drna -pl:eF va-vr dic^h:-a6 r^ ^,.rA^^.c 
.^'li,r1rrrn .rora .han

d5 kd llnO lhs) 6f rarr idar:^r

E. Firestopping: Fill openinqs around uninsL-LaLed pipinq penetrattng I_Loo.rs

^r 
fira u:llc ui-h flroer^n m:tari:l F^r firAet^n^i^^ i^e,,lrr6.l ^ini' " . n9

iefer to Section 23 O-l 7L, HVAC AND PLUMBING INSULATION.

3.2 PIgE AND TI'BING INSUI,ATION

A. Refe! !o specificacion Seccion 23 05 ll, COMMON WORK RFSULTS FOR hVAC.

" .reaLher-resistanL finish aq -a.aaaan/rp4 F i^a
manufacturer to insulation exposed to outdoor weather.

REFRIGERANT PlPING
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3.3 SIGNS AND IDENTIFICATION

A. Each refligeration system erecLed on the p.renises shall be plovided wirh
:n eisi lv lp.tihla qidn <a.,,ralw >r r:.had :n.l o:ci lv

^..6ceihla 
indi.^find th6'a^n fh6 h:h6 :r/l :AA,6cc ^r l-^6 thcfrlldr

Lhe kind and Lotal number of pounos of refrigerant reqLired in the
swsfcm fnr nnrm:1 dnor.r i^ne :rd th6 fial.l raqr r^^li6d

R Swstamq .^nf:inind h^.6 th:h \n kd rlln l^r ^r 16fri^6r:nl <h.ll l-'6

p.rovided uriLh ourable s:gns, in accordance with ANST A13.1 and ANS.t

2535.1, h.ving leL!ers noL less than 13 mm {1/2 rnch) in neighL
designating:
I . Valves and switches for conLrofljng refrigeranr f lour, !he vent- -LdL-Lon

r.,-l lha ral ridar:nr 
^^mn'6ec^r/c1

2, Signs on aIl exposed h-igh pressure and lor.r p.ressure piprng rnstal led
ourside Lhe machjnery room, with name o' Lhe refrigeranc and rhe
letters

3.4 FrErD QUArrrY CONTRO!

A Pri.Jr r 
^ 

ini r ial .nar:l i^n ...1 i.<^6^, ninin^ <\,<, am F^r

confolmance Lo plans and speci ficaLions and ASME 831.5. Correct
equipment, material, or work .rejecLed because of defecEs or
nonconformance with plans and spectficatrons, and ANSI codes fol:
pressure paplng.

3.5 FIELD TESTS

A- Afrer cornnlefi.)n lrf ^:' :' f^ .i t :l ^^or:r i^r..i -- Pf y ",v
conducL LesL on piping sysLen dccording Lo ASME B31.5. Furnish materia-Ls
;rn.l Fnr):n'nant ra.lr :red for Lests. Perform tests ir .l-a n-a.a.r.a ..

PM,/COR. 1f the test faiIs, correct defects and perform the test again
until it is sarisfacLorily done and a.L.L joints are proved LrghL,
1 Elrar'' r 6 r r i 1 a - > . I - . . n r : i n i n d n:rf< 

^f 
rha ever 6m , hrr '. 6/6-r oA ^r

the premi ses, except compressors, condensets, evaporaLo-cs, sa[ery
.levi.as- .^nrr^l ma^n:n em. rnA rh:r :.6

f:.t.'r\/ rasr c.l sh>ll ha fa<rad .^.1 ^.^\,6.l ri^hr :fr6r ^^hnl6i 6

instal laLion, and before operaLion.
2. The high and low side of each system sha.Lf be Lesleo dnd proved righf,

at noc less than Lne lowe- ol Lhe design pressure or Lne selLing of
tha n r a s c | | r a - r c I i p f .16vi.a ny^f6^l in^ t^a hi^h ^r l^L' c,/la ^f ,h6

racDA.-ivplw p!.a.r q\rq' ah< a/a.ra.J 
^n 

fha nrami<ac,'ein^

non-toxic and ncn-ffanmable Group A1 refrigerants with copper tubing
not exceedino DN 1B (NPS 5/8). This may be Lested by means ot Lhe
rafridarant .h:yda.l inf^ t h6 c\7eF6m :l- i-h._-_ J 5a!.UraLeo vapor pressure
of the rafrioeranr :r 2A .ladr^^< - ,6C 

^6^r6ae 
F, minim,lh

REFRIGERANT P I PING
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B. Test Med.ium: A surLable dry gas such as nitrogen shall be used for
fesiind Tha maane ,,ea.l t^ h"il.l ,,h rael- br6cei,ra <h:ll h>r/A

ailhar a 
^ 

ra < < | i / a - I i m i f i . 
^ 

.ravi^6 d,r-in^ /]6r'i-6 L'irh r

nra<s,ira-rpl icf dawieo :h.i : ^.^a ^n 
iha 

^'l 
16, ei/16 'rna n,6.c,,,a

relief device shal l be set above the rest pressure br.rr low erough ro
prevent permanent deformaEion ot the system components.

3.5 SYSTEM TEST AND CIIARGINE

A qvctam Tesl ,rn.l ahrrdind. A< ia.^nman.la.l hv rha ad,,rnmont m^n,,F:.ri,rai

or as follo$?s:
1. Connect a drum of refrigerant to charging connection and introduce

an..)ir.]h rpfrilrarAni i.r6 <\/afam r^ rrica rha hi6ec,,16 f^ /n 1p: ,ln

-ci\ ^^^6 ^t^^6 va-LVes and diSCOnneCL -etrid6r:rr -t.rr T6sr c.'sfam

for leaks with hafide test torch or. other approved method suitabfe
f^r rhp lasi dAq ir<a/l Ranrir:ll la:lzi.^ i^i.r<:n/l raracl

2. ConnecL a drum of d!y nitrogen to cnaroing valve and b!ing Lesc

pressure to design pressure for Iow side a.]d fo.r hj.gh s-ide. Iesc
6F-i16 c.c-6Y -^1-in fOr leaks.

3. Evacuate the entire refriqeration system by tne rriplicate evecuatjon
method with a vacuum pump equipped wiLh an e.lectronic gage reaoing -n
mPa (microns). Pu-L-[ rhe sysLenr down Lo 665 mPa (500 microns) 665 mpa

(2245.6 inches of nercury at 60 degrees F) and ho.ld for four hours
then break che vacuum with dry nitrogen lor refrigeranr ). RFpear the
evacuation t!./o more tines breaking the thir:d vacuun lrith the
refrider:nr flr bo _F-- i ' rha nr^hay r7^l,1ma ^fLlo | 9qv drrq Lrrdr9E
16f ri 

^6r:hf

---END---

REFRIGERANT PIPING
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sEcrroN 26 05 \L
REQUIREMENTS FOR ELECTRICAI INSTAI,I.ATIONS

PART 1 - GENERAL

1.1 DESCRIPTION

A. This Section 26 05 1,1, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS,

applies to all sections of Division 26,
B. Furnish and instal I electrical wiring, sysEems, equ LpmenL dnd

accessories in accordance wi-h the specil Lcarions and draLTings.
Capacicies and rar ings of moLors, Lranslormers, cab1e, sw'tchboards,
switchqear, panelboards, and oLher itens and arrangemenLs lor Lha
c.a. i ria.l i I ame :ra <h^u,n ^n ^r:L'i 

n^c

C, Electrical service entrance eqJipnenL (drrangements for temporary ard
nprm:nanl .6nna.fidns I 

^ 
rha 

^^L'ar 
cucramr ch:l I -^nf^.m l^

Lhe powe! companyrs requiremenLs. Coo.rdinate fuses, cjrcuiL breakers and

.relays wirh che powe-r company's system, and obLajn power company

approval for sizes and settings of chese devices.
D. wiring ampacities specified or shown on the drairings are based on copper

...rr'r^t^-< !':th tLa .on.lirir in.l y^.aw^vq :..^r.linnl \. c ?o.l at,.m,n,,mswolr aL!v,

conducto.r s are prohibired.
1.2 MINIMUM REQUIREMENTS

A. References to the National Etectrical Code (NEC), Underl^'riters
Laboratories. Inc. (UL) and National Fire Protection Association (NFpA)

are minimum instal-lation requirement standards-
B. Drawings and other specification sections shall qovern in those

instances where rF.Irrj ira dro:tar rh:n rh^ca <^a-iria,-l ,n rh6

above standards.
1.3 TEST STANDARDS

A. A11 materiafs and equiproent shall be ]isted, tabeled o! certified by a

na!ional ly recogn-ized tesrjno laooraLo!y !o meet Underw!iLers
Laboratories, Inc., standards where test standards have been
established. Equipnent and materials which are not covered by UL

Standards will be accepted provided equipment and material is listed,
fabeled, certified or otherwlse determined to meet safetv requilements
o- a ndLronar-Ly recognrzed LesLing laboratory. EquipmenE of a class

-' '__ rF...)dni TarJ ta<t ind l^h^rrr^rr/ ^6ri-i fioq
'roLrv'raffy

l.ists, labels, or determines to be safe, will be considered if inspected
or tested in accordance with national industrial- standards, such as
NEMA/ or ANSI. Evidence of compllance shal-I include certified test

: n.l .lafiniriva eh^h 
^r2,.,in^c

B. Definitions:

REQUIREMENTS FOR ELECTRICAL INSTALLAT IONS
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1. Listed; equipment or device of a kind mentioned which:
: Te ni,hl i<ha^ he sJ o ,'ou,v'rarry rcuwgrrrzsu y w'rrL" rL,d^c5

periodic jnspection of producrion of such equipnenL.
b. States thac such equipnenL meecs nationally recoonized standards

or. has been tested and found safe for use in a specified manner.
2. Ldbeled; equ Lpment o. device i s when:

a, lr embodies d valld abel, symboL, or ocher ,oenLity:ng mark of a

nationally recogni zed LesLing laboracory such as UnderwriLers
Laboratortes, Tnc.

b. The laboratory makes pe!iodic inspecLions oI Lhe p*oducLion of
e'r^^ a^'r inm6h-

. Tl_6 l:rali.r in.li.:la< .^mnl irh.a L'if^ ..r i^n:llv r--^^n1.aA

standards or tests to determine safe use in a specified manner.
3 Carrifi6.l: adi,ihmanr ^r n' ^,-],,-r ic L'hi-h'

a. Has been tested and found by a nationaffy recognized testing
laboracory Eo meer ndLionafly recogntzed sLanoa.Lds or !o be saLe
for use in a specified manner.

b, P-(^odLcLlon of eqJipment or p.roducL is periodicdlly jnspecLed by a

.:r;^nillw roe-^^_, -oqllrzeo teStlng laDoIaloIy.
c, Bears a labe1, tag, or: other record of certification.

r' N.:t ianal I v rc.^dn i 7a.J t6<, i n^ l:l-,^r:r^ru I t, ropvrd LU! y

approved, in accordance with OSHA regufations, by the Secretary of
Labor.

1.4 QUAT.IFTCATIONS (PRODUCTS At{D SERVICES)

a v:r!.r.^...d.c ^.,rt.,icaLions: The manufacLu!er cf:l
n-aeantlv n"^.lr .a 4S One oF the nranufaclu-rer I s -ri..i^>t -"^d, --e tfLIIe IIldIlU!aC;LUIet - r--.._-! _- F--_---_, .,lg
e.ririomFnl rn.l lnaicri^l cna^i I i6d f^, rhic nr^:^-'rrrrJ y!w ls! (,

lnanufactured the item for at feast three years.
B. P-roduc L Qualificarion:

1. Manufacrurer's product shall nave been -n saclsfac!ory operaLion, on

chree instalfaLrons ol srmi lar srze and Lype as rhis projecL, for
rnhr^vihatAl v rh'---, _..__ee years.

2. The Government reserves the right to require the Contractor to submit
a IisL of insrar-Lations where the producLs have been in ope!arion
haf^Y6:h^r^!':l

SPEC bIRITLR NOIES: Tn rhe toLlowing
palagraph Jse 4 hou-rs r or mel ropol iran
areas and I hours for lural areas.

C. Se!vrce OuafiflcaLions: The'e shal) be a pernanen! service organiza, ion
maintained or trained by the manufacturer which rr'i11 r:ender satisfactoty
sexvice to this instalfation within fout: hout s of receipt of

REQUIREMENTS FOR ELECTRTCAL INSTALLAT IONS
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notification that service is needed. Submit nane and addr:ess of service
organaza!1ons.

1.5 MANUFAC TI'RED PRODUCTS

d M?ra,ii-c ?nA 6n,i^renL furnished sha-Ll be of.rrrr6af rr..tr.^r:^n L.,

m^.rif^.r rrar< .adrll:rlr, 6n^rd6^ ih fh6 h:h,,fi-r ',/d ^r c,'^|1 rF6mc F^r

!.Jhich replacemenL parts sha-LI be avai lable.
B. When more than one unit of the sane class of equipment is required, such

un-iLs sha-LI be che prodtct of a slng.Ie ma'turacLure.r.
C Fdr ihhanr A<qaml_'l i ae .hd -^mn^^6nl c.

assemb.Led unit need not ha nrn/ir..-s .f rtr6 cara

manufacture!.
2. Manutacturers of equj-pmenr assembl ies, whicn inc.Lude componerLs nade

by oLhers, shafl assume complete .Lesponsibility for -ne I inal
assernbled un.it.

J. Components shall be compaLibfe wirh ea.h other and wiLh Lhe Loral
assembly for rne j.ntended service.

/ .^nc. ir.'ar. nar-s irhich are simi-Lar sha-L] hF rh. nr^. r.t ^f a si--Le
manufacturer.

D. Factory wiring shalf be idenri fied on the eqi_pment being furnisned and

on a.ll wiring diagrams.
F: l^heh r>.r^r\/ Ia<rlnd T< qna^ifi6A'

I The Gove.rnmenr shal-L have Lhe option of witnessing facLory tesrs. The

contractor sha-[] notiiy rhe VA LhroLgh Lhe .OTp/ResioenL Engineer a

minimum of 15 working days pr:ior to the manufacturers making the
f:.t 

^.\r 
J. a.f c

2. Four cop.ies of cerL Lfied LesL repo.rLs conFainlng al I tesL daLa shall
be rurnished to che Resident Engineer prior to final :nspecLion ano

not nore than 90 days after completion of the tests.
-l Whpr adr_inna.l Fai I s r .' maar f>.r ^/v t as1- rn.l ra- i^<^6.t ,^h i c

il-6 - iL!ac!or shal1 be liab]e i^- ^ 
Fl.l'tj rr' .vn6.q/r-LdrJ_Le I -..- -..- j5,

inclLding expenses of Lhe CovernmenL.
1.5 EQUIPMENT REQUIREMENTS

A. Where varia!ions from the conLtact requlremencs are -requesLed in
accordance with Sectlon 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND

SAMPLES, the connecLing work and related components shal I include, buL

not be limited to additions or changes to bt:anch cit:cuits, c.iicuit
nr^fp.ri va da\ti.a< .^n^r'ir c L'i16 166A6.c PoLrs j J or Lu

installation meEnods.

1.7 EQUIPMENT PROTECTION

A Ed,rinna.f :-.1 r:f^ri,als sh,rll hc nr.rc.fa.l .l,,rind <hlnmahf :h.l c,^r:^c

against physical damage, dirt, moistu].e, cold and rain:

REQUIREMENTS FOR ELECTRICAL INSTAI,I,AT IONS
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l. During insLalIaL-Lon, enc-Losules, equipmenf,, controls, controlLers,
.ir.rrf nr.fF.fiva 'lal?i.as :r.l nrl^6- I itc ifers s\:11 ha nr.'ip.-4d
rd.i-rsi rnt-v nf f^rai.ln n:t-p-: :r.l ha vacuum cleaned boLh inside

and outside before tesaing and operaLing and repaincing if reqJirec-
, n^m:^a.l ad,1ihmanf <h:l l 

^a 
:< .latormina.l hw r ha pM/COR nl^.4.1 in

fir<f.l:qc ^- r-^ .6-'lrned to the source or
c,rhhl rr f^r rA^. i / 

^r 
?6nl:-6m6nr

3. PainEed surfaces shall be protected with facco.ry insralled removable
h6rr'\, Lr.fr 

^r^6r 
cho6t !'inr,l 

^r 
6^,r:I

adrinna.i An.l n:ra',,1" shall be refinished wiLh Lhea. uarL'd\]cu Po'r'L v,r

same quality of pain!. and r./orkmanship as used by the ranufacLurer so

repafled areas are not obvious.
1.8 VTORK PERFORMANCE

A. AI1 electrical work nust comply with the requirements of NFPA l0 (NEC),

NFPA ?0B, NFPA l0E, OSHA Part 1910 subparL J, OSHA Part 1910 subpar! S

and OSHA ParL I9I0 subpart K in addition to o!ner references required by

conE!acE.
B, ,Job site safecy and worker salety is che responsibilr!y of the

con!ractor.
C, Electrical work shall be accomplished with all affected circults or

equipmenL de-energized. when an e-Lect!ical outage canno! be acconpLished

rn this manner for the requrred work, the folfowing requirements are

manoaEo!y:

1. Electricians must use full proLecLi ve equipment (i.e., cerLitLed and

rested insulaLrng material ro c.ver exposed energi zed electrical
components, certified and tested insul-ated toofs, etc.) while lrorking
on energized systems in accordance wlth NFPA 70E.

2. Electricians must wear personal protective equipment !^?hife !.torking on

energized systems in accordance with NFPA 70E.

3. Befo.re jnjtiating any work, a job specific work pldn mus! be

developed by the conEracto! wiLh a peer review conducLed and

documented by Lhe COTR/Residenf, Engineer. The work plan musr include
procedures to be used on and near the live electrical equipment,

barriers to be installed, safety equipment to be used and exit
paEnerays.

D. For work on exisLing sEatrons, arrange, phase and perform work Lo assure
electrical- service for other buildings at afl times. Refer to Article
OPERATIONS AND STORAGE AREAS under Section 01 00 00, GENERAL

REQUIREMENTS.

E, New work shall be installed and connected to existing work neatl-y and

-:16F,,l l v ni ctrr.l^'6/J 
^r 

A:m:^6/l L'^rL chrl l F6 r6nl r-6,.l 
^i 

.6^r i/6/] l 
^
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iLs prior conditions, as requi red by Sectlon 0l 00 00, CF\LRAL

REQUIREMENTS.

F. Coordinate focation of equipment and conduit with othet: tlades to
minimize interferences. See Section 00 '72 00, GENERAL CONDITIONS.

1.9 EQUIPMENT INSTALIATION AND REQUIREMENfS

A, Equipmenr locacion sha-[1 be as close as practicaf Eo lo.arions shown on
t ho .li:Lri h-<

B. Wor:klng spaces shafl not be fess than specified in the NEC fot: aff
rr^l l-.^6c .^6^ i fi6,1

a Inr..ass: h- p r'.dr.r hnenL:

1. Where the Government deteimines that the Contractor has instalfed
cdrrinmanr n.i .6nvani6ht \r a..aceihl6 l^r .^---+.. - --_ operdLtoJl dnu rrd I LendIlce/

the equlpment shaff be removed and reinsta_l_led as directed at no

additionaf cost to the Governrnent.
2. "Convenientfy accessible" is defined as being capable of being

reached wiEhouE Ehe use ot Iadoers, or v/ithou! cljnbjng or cravrling
under or over obsEacles such as, buf not limiled to, motors, pumps,

belL guards, cransfotmers, piping, ouctwork, cond-iL a"-rcl *aceways.

1.10 EQUIPMENT IDENTTFICATION

A. In addition to the requilements of the NEC, install an identification
sign which clearly indicates information required for use and

maintenance of items such as panelboards/ cabinets, motor. controllers
/sl :r' a.s\ . c;fp-\' swi l.hce <an^.Al al\/ en.1^ea.l ^i.^,'i, h.a.L6rc

individuaf breakers and cont:rollers in switchboards, sr.ritchgear, control
devices a1d oLhe! siqni licanr equipnenL.

B. Nameplares shafl be lan-inaLed bLack pheno-Ltc resin wiLh d whiLe ^ora
with engraved leLLering, d mrnimum of 5 mm (1/4 inch) h:gn. Secu!e
nameplates with screws. NamepLaEes thar are furnished by rranufacLurer as

a standard catalog item, or where otheI method of identification is
hFrpin <nF.1fia.l ^/a av.o^, i^nc

1.11 SI'B}IITTAIS

A. Subnj.t in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA,

AND SAMPLES.

D TFd .^,6'-n^-l rc -^^roval shaLl be obtained Inr .-- a.f.r:nnaf. 
^1d

macerial before deljvery Lo the job siLe. Delivery, sLorage or
h.< 

^^r 
h:d nri^r :^^r^t''lv! e9u 

' PrL'crlL

wi I I nor bp oFrmi f l-a.l rr rha 
^^ 

<i 16

C, All subniLLals shal I Lnclude adequate descripLive ficerarDre, caLalog
cuLs, shop dra\^rings and orher daca necessary for che Covernment Lo

ascertain that the proposeo equrpment and maLerials comply with

REQUIREMENTS FOR ELECTRICAL INSTALLAT I ONS
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<^a^iri^:ri^n ra^i,i rom. r- rorr r^r :^^.^v:l eh:llLdLdfug

ha 16.,h'a ir.j ^la,rrlv i/r-r*. f. l-o,-. submilLed.
D. Subrnittafs for individual systems and equipment assemblies which consist

of more Lhan one -ilem or componen! shaIl be made for Lhe sysfem or
asserdcly as a r,rhof e. Partial submittafs wilf not be considered for
approval.
1. Ma.rk the submittals, "SUBMITTED UNDER SECTION

2. Submittals sha11 be marked to show specification r:eference incfudlnq

E.

F. Manuals:
1. Maintenance and Operation Maouals: Submit as tequired for systems and

equipment specified in the technicaf sectlons. Furnish four copies,
bound in hardback binders, (manufacturer's standard binders) or an
dpproveo equtva-Lenr. Furnish one conplete manual as specifled in the
technicaf section but in no case _Later than prior to performance of
sysrenis or equapment testr and furnish the remaininq manuafs prior to
contlact complet i on.

2. Inscribe the following identification on the cover: the words
TTMATNTENANCE AND OPERATION MANUAL, " the nar0e and location of the
system, equipment, building, name of Contractor, and contract nunber.
Incfude in the manual the narnes, addresses, and telephone numbets of
each subcontractor insta_lling the systern or equipment and the tocal
representatives for fhe sysrem or equipmenL.

3. Provide a "Tab1e of Contents', and assemble the manual to conform to
the table of contents. with tab sheets placed before instiuctions
covering the subject. The instructions shall be legible and easily
read, with farge sheets of dralrings folded in.

4. The manuafs shalf include:

REQUIREMENTS FOR ELECTRICAL INSTALLAT I ONS
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3.

1.

fha sa.t'o- ,r'1.l n^-:1":nh nu'nberS.

Submi L each seccion separarefy.
submittafs shalf include the followlng:

Information thar confirms compl.iance wich contracL requi!emenLs.
Incfude the manLlaccurer's name, model or caLd.Log numbers, caLa.Log

information, technical data sheets, shop drawings, pictures,
n,:menlaie .l^r: and I aet- 16^^rra:c 16^,,i16^

Elementary and interconnection wiring diagrams fo! com,nunication and
signal systems, contr.of system and equipment assemblies, Aff terminal
points and wiring shal1 be ldentified on wirinq diagiams.
ParLs fisr which shal | -Lncldde those replacement parts recom,nended by
the equipment manufacLu!er, quanciry of pa-rLs, cLr rent p!-ice ano

availabiliLy ol each part.

2.

3.
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TnLe-cnal and .rnterconnecting wir_ng and concrol djdgrams ,./itl. oaLa
to explain detaifed operation and control of the equlpment.
A control sequence describing start-up, opet:ation. and shutdown.
Description of the function of each principal iten of equipment.
Installation and maintenance instructions.
Safety precautions.
Diagrams and iflustrations,
Testing methods.
Performance data.
Lublication schedule incfuding type, grade, temperature range, and
frequency.

j. Pictorial ,,exploded', parts list with part nunlcers. Emphasis shall
be pfaced on the use of special too.ls ano tnstruments, The lis!
shall indicate sources of supply, recommended spar:e parts, and
name of servicing or:ganization.

k. Appendix; list qua.Llfied permanent servlcrng organrzattons for
support of the equipment, includinq addresses and certified
qualifications.

G, Approvafs r{ill be based on compfete submission of manuals together. with
shop drawinqs.

H. After approvar and prror to instarration, furnish the corR/Resldent
Enqineer lrith one sample of each of the foltolrtng:
1. A 300 run (12 inch) .length of each type and srze of wire and cabLe

along with the tag from the coiLs of reels from which the sarnpfes
were taken.

2. Each type of conduit coupling, bushing and ternination fitting,
3. Conduit hangers, cfamps and supports,
4. Duct sealing compound.
5' Each type of receptacle, togqle switch, outlet box, manuaf motor

sta!ter, device p1ate, engraved namepfate, wire and cabfe splicing
and terminating naterial and slng]e pofe morded case circuit breaker.

6. Each type of right fixture specilied in sectron 26 5r oo, TNTERTOR
LIGHTING or shovrn on the dr.awings.

1.12 SINGUI,AR NUMBER

A. i{here any device or par:t of equipnent is referred to 1n these
specifications in the sinqular number (e.g., ',th. switch,,), this
reference shall be deemed to apply to as many such devices as are
requlred to compfete the instalfation as sho\^/n on the dralrings.

REQUIREMENTS FOR ELECTRICAL I NSTALLAT IONS
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1.13 TRAINTNG

A. Training shall be provided in accordance with Artlcle, INSTRUCTIONS, of
Section 01 00 00, GENERAL REeUTREMENTS.

B. Training shaff be provided for the particufar equlpment or system as
required in each associared specificarion,

c. A training schedufe shall be deveroped and submitted by the contr.actor
and approved by the PM/COR at least 30 days prior. to the planned
training.

---END_--
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